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PROBLEM TO BE SOLVED: To provide a substrate for an information recording medium which is excellent in 
scratching resistance, is light in weight and is high in destruction toughness and a magnetic information 
recording medium using the same. 

SOLUTION: The glass substrate for the information recording medium which is <7 ^m1/2 in brittleness index 
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medium having at least a magnetic recording layer on this glass substrate. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer: So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The glass substrate for information record media characterized by an underwater brittleness index 
value being 1/2 or less [12 micrometers - ]. 

[Claim 2] The glass substrate for information record media characterized by a brittleness index value [ in / in a 
dew-point / an ambient atmosphere -5 degrees C or less ] being 1/2 or less [ 7 micrometers - ]. 
[Claim 3] The glass substrate for Information record media characterized by for an underwater brittleness index 
value being 1/2 or less [12 micrometers - ]. and a brittleness index value [ in / in dew-point / ambient 
atmosphere -5 degrees C or less ] being 1/2 or less [ 7 micrometers - ]. 

[Claim 4] By mol %. while more SiO(s)2, and B-2s 03 and/or aluminum 203 than 65% are included with the total 
quantity 0 - 20% (at least one sort as which R is chosen from Mg. calcium. Zn, Sr, and Ba) of RO(s), R*20(at 
least one sort as which R* is chosen from Li, Na, and K) 0 - 28%. The glass substrate for information record 
media according to claim 1, 2, or 3 with which the sum total content of the above-mentioned component 
consists of glass which is 95% or more, including Ti02 0-10% and Zr02 0-10%. 

[Claim 5] At mol %, it is Si02. 40 - 75%. B-2 03. and/or aluminum 203 Glass substrate for information record 
media characterized by the sum total content of Si02, B-2s aluminum [ 03 and ] 203. and R*20 consisting of 
glass which is 90% or more, including 2 - 45%, and R'20(at least one sort as which R* is chosen from Li. Na. and 
K) 0 - 40%. 

[Claim 6] The glass substrate for information record media according to claim 5 whose underwater brittleness 
index value is 1/2 or less [12 micrometers - ]. 

[Claim 7] The glass substrate for information record media according to claim 5 or 6 whose brittleness index 
value [ in / in a dew-point / an ambient atmosphere -5 degrees C or less ] is 1/2 or less [ 7 micrometers - ]. 
[Claim 8] The glass substrate for information record media given in claim 1 whose Young's modulus is 70 or 
more GPas thru/or any 1 term of 7. 

[Claim 9] The glass substrate for information record media given in claim 1 whose rigidity is 20 or more GPas 
thru/or any 1 term of 8. 

[Claim 10] The glass substrate for information record media given in claim 1 which viscosity becomes from the 
glass which has the field which is 1 or more Pa-s in the temperature field beyond liquid phase temperature 
thru/or any 1 term of 9. 

[Claim 11] The glass substrate for information record media given in claim 1 which a coefficient of thermal 
expansion becomes from the glass which is more than 60x10-7/degree C in the temperature of 100-300 
degrees C thru/or any 1 term of 10. 

[Claim 12] The glass substrate for information record media given in claim 1 which does not have a chemical- 
strengthening layer thru/or any 1 term of 11. 

[Claim 13] The glass substrate for information record media given in claim 1 which has a chemical- 
strengthening layer thru/or any 1 term of 11 . » 

[Claim 14] The magnetic information record medium characterized by having a magnetic-recording layer at least 
on the glass substrate for information record media given in claim 1 thru/or any 1 term of 13. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic information record medium which used the glass 
substrate for information record media, and it. In more detail, this invention excels in abrasion-proof nature and 
is lightweight, and it is related with the magnetic information record medium using the glass substrate for 
information record media with big fracture toughness, and this glass substrate for information record media 
represented by the hard disk. 
[0002] 

[Description of the Prior Art] Conventionally, aluminum, glass, the ceramics, etc. have been used as a substrate 
ingredient for magnetic information record media. According to current, size, or an application, aluminum and 
glass are mainly put in practical use. In it, a glass substrate has little surface discontinuity, and since smooth 
nature and surface hardness are excellent, the use range is being expanded every year. As glass used as a 
substrate for magnetic information record media, the chemically strengthened glass by the ion-exchange 
method, glass ceramics, etc. are known. As chemically strengthened glass, it is a weight % display and the glass 
substrate for magnetic disks by which formed the compressive-stress layer on the surface of the glass 
substrate, and the chemical strengthening was carried out by the ion-exchange method according the glass 
containing 2:50 - 65% of SiO(s). 203:0.5 - 14% of aluminum, R20(however, R alkali-metal ion):10-32%, ZnO:1- 
15%. and B-203:1.1-14% to alkali ion is indicated by JP,1— 239036,A, for example. Moreover, as glass ceramics, it 
is in a U.S. Pat. No. 5391522 specification, for example. By weight % display, 2:65 - 83% of SiO(sX U20:8-13%, 
K2O:0-7%. MgO: — 0.5 - 5%. ZnO:0-5%. and PbO:0-5% — however MgO+ZnO+PbO: The glass-ceramics 
substrate for magnetic disks including Li20 and a 2Si02 crystal-grain child detailed as a main crystal is 
indicated 0.5-5% and P205:1-4% including 203:0 - 7% of aluminum, and 203:0 - 2% of As203+Sb(s). 
[0003] However, since information recording apparatus, such as a magnetic disk represented by the hard disk in 
recent years, are asked for the denslfication of record, and the writing of data and improvement in the speed of 
reading, improvement in the speed of disk rotation is needed for them. Although the rotational speed of a 
current disk is 7200rpm extent accelerating more than 15000rpm or it in the future is expected. This demand is 
considered to become still stronger by especially the hard disk drive for servers that processes a lot of data. 
However, if the rotational frequency of a record medium is raised, a deflection will arise in a record medium, 
resonance will become large, and the danger that the front face of a record medium will collide with the 
magnetic head, and will read, and an error and the magnetic head will crash will become high. Therefore, since 
distance (surfacing distance) of the magnetic head and a record medium cannot be made small to some extent 
below in the present record medium, it is becoming the inhibition factor of the increment in recording density of 
a magnetic recording medium. The deflection of this record medium and the problem of resonance are solved by 
use of the rate substrate ingredient of high elasticity. 

[0004] However, the motion to which it tends to thicken a substrate and tends to correspond to high-speed 
rotation-ization of a hard disk since an elastic modulus is 80 - lOOGPa extent in 72GPa extent and cannot 
respond to high-speed rotation-ization yet is coming out of a glass substrate the aluminum substrate generally 
used so far. Since the increase of thickness of a substrate is accompanied by the increase of weight, the power 
[ exhausting ] of rotation[ high-speed ]-izing becomes large. Therefore, a substrate ingredient lighter than an 
aluminium alloy with a large consistency (2.76 g/cm3) is called for from a commercial scene. Moreover, an 
aluminum substrate has a possibility of denting the front face of a record medium in the collision of a high- 
speed rotation substrate and the magnetic head, in order that plastic deformation may tend to break out 
[ surface hardness ] low far from glass. On the other hand, although the glass substrate excels the aluminum 
substrate in an elastic modulus, surface hardness, and surface smooth nature, since it is weaker than an 
aluminum substrate, it is easy to get damaged, and existence of few blemishes formed in a production process 
leads to breakage. For example, when using glass as a magnetic-disk substrate, many processing processings, 
such as circular processing and heart omission and inside-and-outside periphery side processing, are needed. 
During these processing processings, too, many blemishes which can serve as a destructive radix point in the 
glass edge section etc. occur, and few blemishes formed only in a production process at the time of wearing 
and the other handling by the spindle lead to substrate breakage. This problem becomes more important 
especially with improvement in the speed of magnetic-disk rotation. In order to solve these problems, it is 
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necessary to offer high, the drag force, i.e.. fracture toughness, over destructive advance of the substrate glass 

with which a consistency cannot get damaged easily small, or glass, substrate glass. 

[0005] 

[Problem(s) to be Solved by the Invention] This invention is the basis of such a situation, and when the 
consistency which can respond to rotation[ high-speed ]-izing or a high recording density-ized trend is small, 
and it excels in abrasion-proof nature and a blemish cannot be attached easily, it aims at offering the drag force 
to destructive advance, i.e., the glass substrate for information record media with big fracture toughness, and 
the magnetic information record medium using it, 
[0006] 

[Means for Solving the Problem] In order that this invention persons may attain said purpose, as a result of 
repeating research wholeheartedly, the glass substrate below a value with the brittleness index value measured 
in underwater and/or a desiccation ambient atmosphere or the glass substrate which consists of glass of a 
specific presentation came to complete this invention for that purpose being suited as a glass substrate for 
information record media based on a header and this knowledge. 

[0007] Namely, the glass substrate for information record media with which a brittleness index value [ in / in 
this invention / (1) underwater ] is characterized by being 1/2 or less [12 micrometers - ] (Glass substrate for 
information record media I is called hereafter.) The glass substrate for information record media characterized 
by a brittleness index value [ in / in (2) dew-points / an ambient atmosphere -5 degrees C or less ] being 1/2 
or less [ 7 micrometers - ] (the glass substrate II for information record media is called hereafter.) A (3) 
underwater brittleness index value is 1/2 or less [12 micrometers - ]. And the glass substrate for information 
record media characterized by a brittleness index value [ in / in a dew-point / an ambient atmosphere -5 
degrees C or less ] being 1/2 or less [ 7 micrometers - ] (the glass substrate III for information record media is 
called hereafter.) By (4) mol %. while more SiO(s)2. and B-2s 03 and/or aluminum 203 than 65% are included 
with the total quantity 0 - 20% (at least one sort as which R is chosen from Mg, calcium. Zn, Sr. and Ba) of RO 
(s), R'20(at least one sort as which R' is chosen from Li, Na, and K) 0 - 28%, The above (1) which the sum total 
content of the above-mentioned component becomes from the glass which is 95% or more, including Ti02 0- 
10% and 20-10% of ZrO(s), (2), or the glass substrate for information record media given in (3). [0008] (5) At 
mol %, they are 2 2 - 45% of SiO(s). and R'20 (it Li(s) RO. 40 - 75%, B-2 03. and/or aluminum 203 The glass 
substrate for information record media characterized by the sum total content of Si02, B-2s aluminum [ 03 
and ] 203, and R*20 consisting of glass which is 90% or more, including 0 - 40% per sort [ at least ] chosen from 
Na and K (the glass substrate IV for information record media is called hereafter.) The glass substrate for 
information record media given in the above (5) whose (6) underwater brittleness index value is 1/2 or less [12 
micrometers - ], (7) The above (5) whose brittleness index value [ in / in a dew-point / an ambient atmosphere 
-5 degrees 0 or less ] is 1/2 or less [ 7 micrometers - ]. or the glass substrate for information record media 
given in (6), (8) The above (1) whose Young's modulus is 70 or more GPas thru/or the glass substrate for 
information record media given in any 1 term of (7). (9) In the temperature field beyond the above (1) whose 
rigidity is 20 or more GPas thru/or the glass substrate for information record media given in any 1 term of (8), 
and (10) liquid-phase temperature The above (1) which viscosity becomes from the glass which has the field 
which are more than IPa and s thru/or the glass substrate for information record media given in any 1 term of 
(9), [0009] (11) The above (1) which a coefficient of thermal expansion becomes from the glass which is more 
than 60x10-7/degree C in the temperature of 100-300 degrees 0 thru/or the glass substrate for information 
record media given in any 1 term of (10). (12) The above (1) which does not have a chemical-strengthening 
layer thru/or the glass substrate for information record media given in any 1 term of (11), (13) The above (1) 
which has a chemical-strengthening layer thru/or the glass substrate for information record media given in any 
1 term of (11), And the magnetic information record medium characterized by having a magnetic-recording layer 
at least on the glass substrate for information record media (14) above (1) thru/or given in any 1 term of (13) is 
offered. 
[0010] 

[Embodiment of the Invention] There are four modes, i.e.. glass substrate I-IV for information record media, in 
the glass substrate for information record media of this invention. A brittleness index value [ in / in glass 
substrate I for information record media of this invention / underwater ] is 1/2 or less [12 micrometers -] 
glass substrate. A brittleness index value underwater [ this ] serves as a glass substrate which is not weak, so 
that that value is low. A brittleness index value underwater [ this ] is 1/2 or less [ 8 micrometers - ] still more 
preferably 1/2 or less [ 9 micrometers - ] more preferably 1/2 or less [ 10.5 micrometers - ]. When an 
underwater brittleness index value is such a value, the destruction at the time of polish processing of a glass 
substrate performed in the condition of having flooded with polish liquid, and handling of the glass substrate in 
the condition of having wetted wet in polish liquid and a penetrant remover stops being able to happen easily. 
[001 1] A brittleness index value [ in / glass substrate / II / of this invention / for information record media / in 
a dew-point / an ambient atmosphere -5 degrees C or less ] is 1/2 or less [ 7 micrometers - ] glass substrate. 
This index value is 1/2 or less [ 4 micrometers - ] still more preferably 1/2 or less [ 5 micrometers - ] more 
preferably 1/2 or less [ 6 micrometers - ]. When a brittleness index value [ in / in a dew-point / an ambient 
atmosphere, i.e., a desiccation ambient atmosphere, -5 degrees C or less ] is such a value, in a desiccation 
ambient atmosphere, destruction cannot take place easily at the time of handling the glass substrate for 
information record media, and the time of use of the information record medium using this glass substrate. 
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[0012] A brittleness index value [ in / in the glass substrate HI for information record media of this invention / 
underwater] is 1/2 or less [ 12 micrometers - ], and a brittleness index value [ in / in dew-point / ambient 
atmosphere -5 degrees C or less ] is 1/2 or less [ 7 micrometers - ] glass substrate. A brittleness index value 
underwater [ above-mentioned ] is 1/2 or less [ 8 micrometers - ] still more preferably 1/2 or less [ 9 
micrometers - ] more preferably 1/2 or less [ 10.5 micrometers - ]. and the brittleness index value in the 
ambient atmosphere of the -5 degrees C or less of the above-mentioned dew-points is 1/2 or less [ 4 
micrometers - ] still more preferably 1/2 or less [ 5 micrometers - ] more preferably 1/2 or less [ 6 
micrometers - ]. This glass substrate m is equipped with the property of both said glass substrates I and II, and 
even if it uses it for the bottom of what kind of environment or handles, destruction cannot take place easily. 
[0013] ["a journal OBU JI American chemical society (J. Am.Chem.Soc.)" which adopts the brittleness index 
value B proposed by B.R.Lawn and others as a brittleness index value of said glass substrate in this invention - 
- the 62nd volume, and the 347th - 350-page (1979)]. Here, the brittleness index value B is defined from the 
Vickers hardness value Hv and the fracture toughness value Kc of glass to formula B=Hv/Kc. 
[0014] The Vickers hardness value Hv and the fi^acture toughness value Kc of glass can do ** measured by the 
approach of stuffing the sharp diamond indenter of a Vickers hardness meter into glass. That is, the degree of 
hardness of glass is called for by the degree type from the magnitude of the indentation of the indenter which 
remains on the surface of glass, when the Vickers indenter is pushed in. 
[0015] 
[Equation 1] 

Hv = 1.8544 X -^—r 

[0016] Here, P is the pushing load of the Vickers indenter and a is the diagonal line length of the Vickers 
indentation. On the other hand, the fracture toughness Kc of glass is searched for by the degree type from the 
magnitude of the indentation of the indenter which remains on the surface of glass, and the die length of the 
crack generated from the corner of an indentation, when the Vickers Indenter is pushed in. 
[0017] 
[Equation 2] 

Kc = 0.026 



1^ I 



3 

[0018] Here. E is the Young's modulus of glass, and the die length of the crack which generates C from the 
corner of an indentation. The requirement for calculating Kc correctly is that a C/a ratio becomes large 2.5 or 
more. 

[0019] the approach shown in JP,10-158028,A which indicates this example of a comparison in this invention in 
order to compare with the below-mentioned example of a comparison although the brittleness index value B of 
glass was computed by Hv and Kc which were calculated above to B=Hv/Kc — namely [0020] 
[Equation 3] 

S = 2.39x| — 



[0021] The value which was boiled and was computed more is adopted. 

[0022] Since most differences with the value of the brittleness evaluated by the value and Hv/Kc equation of 
the brittleness using the formula shown in JP,10-158028,A are 5% or less, even if it uses the equation shown in 
JP,10-158028A it can evaluate correctly. The formula shown in JP.10-158028.A in fact used Lawn's and 
others Hv/Kc formula as the base, and was drawn, and its fundamental concept is the same. 
[0023] An underwater brittleness index value drops the waterdrop of pure water on a sample front face, after 
30 seconds, pushes in the Vickers indenter from on the waterdrop, and introduces an indentation and a crack. 
After that, it is immersed into pure water, a sample is taken out 24 hours after immediately, water is wiped ofF. 
and it is the value which measured and computed the magnitude of an indentation and a crack immediately. 
Moreover, while a brittleness index value [ in / in a dew-point / an ambient atmosphere -5 degrees C or less ] 
measures the dew-point of the sample circumference under desiccation nitrogen-gas-atmosphere mind and 
checks that this dew-point is -5 degrees C or less, the Vickers indenter is pushed in and an indentation and a 
crack are introduced, and it is the value computed by having measured those magnitude. 
[0024] Since it has the above brittleness index values, when a blemish cannot be attached easily, since a 
chemical strengthening equivalent to conventional glass is also possible, the glass substrates I, II. and DI for 
information record media of this invention can decrease breakage in use sharply as the breakage in a production 
process, and a product. 

[0025] As such glass substrate I-III, it is mol% as a glass presentation. While more SiO(s)2, and B-2s 03 and/or 
aluminum 203 than 65% are included with the total quantity 0 - 20% (at least one sort as which R is chosen 
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from Mg, calcium. Zn, Sr. and Ba) of RO(s), What the sum total content of the above-mentioned component 
becomes from the glass which Is 95% or more can be mentioned including R'20(at least one sort as which R* is 
chosen from Li, Na. and K) 0 - 28%, Ti02 0-10%, and Zr02 0-10%. 

[0026] this glass presentation — setting — the sum total content of Si02, and B-2 03 and/or aluminum 203 - 

- desirable — 65-mol % — many — less than [ 90 mol % ] — more — desirable — 70-90-mol % — it is the 70- 
85-mol range of % still more preferably, moreover, the content of Si02 — desirable — 40-75-mol % — more — 
desirable — 50-70-mol % — it is — the content of aluminum 203 — desirable — 0-25-mol % — more — 
desirable — 1-20-mol % — it is 2-15-mol % still more preferably, the content of B-2 03 — desirable — 0-25- 
mol % — more — desirable — 1-25-mol % — it is 2-20-mol % still more preferably, said content of RO — 
desirable — less than [ 15 mol % ] — it is less than [ 12 mol % ] more preferably, moreover, the content of MgO 

— desirable — less than [ 15 mol % ] — more — desirable — less than [ 12 mol % ] — it is — the content of 
CaO — desirable — less than [10 mol % ] — it is less than [ 8 mol % ] more preferably, the content of ZnO — 
desirable — less than [10 mol % ] — more — desirable — less than [ 8 mol % ] — it is — the content of SrO - 

- desirable — less than [ 10 mol % ] — it is less than [ 8 mol % ] more preferably, the content of BaO — 
desirable — less than [ 10 mol % ] — it is less than [ 5 mol % ] more preferably. As this RO, MgO is desirable. 
[0027] the content of R'20 — desirable — less than [ 25 mol % ] — it is 1 0-25-mol % more preferably, 
moreover, the content of Li20 — desirable — less than [ 20 mol % ] — more — desirable — less than [ 18 mol 
% ] — further — desirable — 5-15-mol % — it is — the content of Na20 — desirable — less than [ 20 mol % ] 

— more — desirable — less than [ 15 mol % ] — it is 1-10-mol % still more preferably, the content of K20 — 
desirable — less than [ 15 mol % ] — more — desirable — less than [ 10 mol % ] — it is 0-8-mol % still more 
preferably, moreover, Si02 and B-2s 03 and aluminum2 — the sum total content of 03. RO. and R'20 — 
desirable — more than 85 mol % — more — desirable — more than 90 mol % — it is more than 95 mol % still 
more preferably. 

[0028] furthermore, the content of Ti02 — desirable — 0-7-mol % — more — desirable — 0-5-mol % — it is - 

- the content of Zr02 — desirable — 0-8-mol % — it is 0-6-mol % more preferably, moreover, Si02 and B-2s 
03 and aluminum2 — the sum total content of 03, RO, R'20, and Ti02 and Zr02 — desirable — more than 95 
mol % — it is more than 98 mol % more preferably. Furthermore, the mole ratio (B-2s 03/aluminum 203) of B- 
2s aluminum [ 03 and ] 203 has the desirable range of 0.5-1.5, and it is the range of 0.8-1.2 more preferably. 
[0029] As a combination of the above component, it is mol%. for example and is Si02. 40 - 75%. B-203 1-20% 
(however, the sum total content of Si02 and B-2s aluminum [ 03 and ] 203 exceeds 65%.) 1 - 25%, aluminum 
203 MgO 0-10% (however, the sum total content of MgO, CaO and ZnO. and SrO and BaO is less than 20%.) 0 - 
15%. ZnO 0-10%, CaO 0-10%, SrO 0-10%, BaO Li20 0 - 20%, Na20 0 - 20%, K20 0 - 15% (However, the sum 
total content of Li20, Na20. and K20 is less than 28%.) Ti02 0 - 10%, and Zr02 glass ****** whose sum total 
content of the above-mentioned component is 95% or more, including 0-10% — things are made. 

[0030] Si02 is a principal component which forms the network structure of glass, less than [ 40 mol % ], the 
endurance of glass gets worse and glass becomes easy to devitrify the content. On the other hand, if 75-mol % 
is exceeded, elevated-temperature viscosity will become high and glass will stop being able to melt easily. 
Therefore, the content of Si02 has the desirable 40-75-mol range of %. and its the 50-70-mol range of % is 
especially desirable, 

[0031] B-2 03 is the important component of this invention. If B-2 03 is introduced instead of Si02. when the 
brittleness of glass will fall sharply and will become low [ specific gravity ], elevated-temperature viscosity also 
falls and the solubility of glass is improved greatly. However, when the amount of installation increases 
exceeding 25-mol %, the endurance of glass gets worse, and since it becomes easy to carry out phase splitting, 
there is a case where it becomes impossible to make good glass. On the other hand, since brittleness gets 
worse [ the amount of installation ] less than [ 1 mol % ] and elevated-temperature viscosity also becomes high, 
there is a possibility that fertilization of low cost may become impossible. Therefore. 1-25-mol% of the content 
of B-2 03 is desirable, and its the 2-20-mol range of % is especially desirable. 

[0032] aluminum 203 is very important also as a component which raises whenever [ stabilization / of glass 
structure /, and its rigidity ] with Si02 also as a component which contributes thermal resistance, and 
endurance and low brittleness to glass. However, if the effectiveness that the content stops the elution of the 
alkali from glass less than [ 1 mol % ] is small, it is hard to make glass with sufficient endurance and it 
introduces exceeding 20-mol %, since the elevated-temperature melting nature of glass will get worse, the 
content has the desirable 1-20-mol range of %, and it is the 2— 15— mol range of % more preferably. 
[0033] MgO, CaO, ZnO, SrO, and BaO are the components introduced In order to lower the viscosity at the 
time of the dissolution of glass and to raise melting nature and mass-production nature. Since brittleness 
becomes [ a sum total content ] high more than at 20 mol %, there is an inclination for glass to become easy to 
get damaged and for specific gravity and devitrification temperature to also become high. Both soluble [ of 
glass ] and low brittle are taken into consideration. The content of MgO. CaO, ZnO. SrO. and BaO MgO — 0- 
15-mol % — desirable — 0-12-mol % and ZnO — 0-10-mol % — desirable — 0-8-mol % and CaO — 0-10-mol 
% — desirable — 0-8-mol % — SrO — 0-10-mol % — desirable — 0-8-mol % and BaO — 0-10-mol % — 
desirable — the 0-5-mol range of % — it is — those sum total contents — desirable — less than [ 20 mol % ] 

— it is less than [ 15 mol % ] more preferably. 

[0034] Li20, Na20, and K20 are a very useful component which makes brittleness of glass low while they lower 
the viscosity at the time of the dissolution of glass and promote the dissolution. However, since chemical 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web^cgi_eije 



04/10/08 



5/24 ^— V 



durability not only gets worse, but there is a possibility of eating a magnetic film away in order for alkali to 
deposit on a glass front face mostly when the amount of installation becomes 28% or more Li20 the content of 
Li20, Na20. and K20 0-20-mol %, desirable — 0-18-mol % and 200-20 mo! [ of Na ] % — desirable — 0-15- 
mol %, and K 2O0-15-mol % — while considering as 0-10-mol % preferably — those sum total contents — 
desirable — less than [ 28 mol % ] — it holds down to less than [ 25 mol % ] more preferably, 
[0035] the sum total content of Si02 and B-2s aluminum [ 03 and ] 203 — desirable — 70— 90— mol % — more 

— desirable — the 80-90-mol range of % — it is — the sum total content of RO and R'20 — desirable — 5- 
35-mol % — more — desirable — 10-30-mol % — further — desirable — 10-25-mol % — it is 10-22-mol % 
especially preferably. 

[0036] Zr02 and Ti02 are components introduced in order to raise the chemical durability of glass and to raise 
whenever [ rigid ]. If Zr02 and Ti02 are added on glass, the endurance of glass, an elastic modulus, and 
brittleness will be improved, but specific gravity increases rapidly, and if it introduces more mostly, the 
devitrification inclination of glass will become strong. [ little ] therefore, the content of Zr02 and Ti02 — 
respectively — 0-10-mol % ~ desirable — 0-7-mol % and 0-10-mol % — it is preferably restricted to 0-8- 
mol%. Moreover, the sum total content of the above-mentioned component is more than 95 mol %. 
[0037] Since the solubility of glass, clarity, a moldability, etc. are improved on this glass in addition to the 
above-mentioned component, on it, it is possible to introduce As 203, Sb203. and F. CI and S03 into less than 
[ 2 mol % ] in total. Moreover, since the endurance and the elastic modulus of glass are raised, other oxides, 
such as rare earth metal oxides, such as Y203 and La203, can be added at a rate not more than 5 mol %. 
[0038] Furthermore, it is Si02 at mol %. 55 - 75%. B-2 03 0 - 20%, 2031 - 20% (however, the sum total content 
of Si02 and B-2s aluminum [ 03 and ] 203 65% or more) of aluminum. MgO 0-15%. ZnO 0-10%, GaO 0-10%, 
0 - 10% of SrO(s). BaO 0-10% (however, the sum total content of MgO, CaO and ZnO. and SrO and BaO (the 
content of RO) 20% or less). Li20 0 - 20%. Na20 0 - 20%. K20 0 - 6% (— however, the sum total content (R70 
content) of Li20, Na20. and K20 — less than [ 28% ]) and Ti02 0-10%. and Zr02 The sum total content of 
the above-mentioned component can also mention 95% or more of glass, including 0-10%. 
[0039] The glass substrate IV for information record media of this invention is Si02 at mol %. 40 - 75%. B-2 03 
and/or aluminum 203 The sum total content of Si02. B-2s aluminum [ 03 and ] 203. and R'20 consists of 
glass which is 90% or more, including 2 - 45%, and R*20(at least one sort as which R' is chosen from Li. Na. and 
K) 0 - 40%. 

[0040] this glass presentation — setting — the content of Si02 — 50-70-mol % — desirable — the content of 
B-2 03 — desirable — 0-25-mol % — more — desirable — 1-25-mol % — further — desirable — 2-20-mol % 

— it is — the content of aluminum 203 — desirable — 0-25-mol % — more — desirable — 1-20-mol % — it 
is 2-15-mol % still more preferably, the sum total content of Si02 and B-2s aluminum [ 03 and ] 203 — 
desirable — 65-90-mol % — more — desirable — 70-90-mol % — it is 70-85-mol % still more preferably, an 
R'20 content — desirable — 0-28-mol % (however, 0 is removed when RO is zero-mol %) — more — desirable 

— less than [ 25 mol % ] — it is 10-25-mol % still more preferably. It is 5-15-mol % still more preferably, the 
content of Li20 — desirable — less than [ 20 mol % ] — more — desirable — less than [ 18 mol % ] — the 
content of Na20 desirable — less than [ 20 mol % ] — more — desirable — less than [ 15 mol % ] — further — 
desirable — 1-10-mol % — it is — the content of K20 — desirable — less than [ 15 mol % ] — more — 
desirable — less than [ 10 mol % ] — it is 0-8-mol % still more preferably, furthermore, the content of RO — 
desirable — less than [ 15 mol % ] — it is less than [ 12 mol % ] more preferably, moreover, the content of MgO 

— desirable — less than [15 mol % ] — more — desirable — less than [ 12 mol % ] — it is — the content of 
CaO — desirable — less than [ 10 mol % ] — it is less than [ 8 mol % ] more preferably, the content of ZnO — 
desirable — less than [ 10 mol % ] — more — desirable — less than [ 8 mol % ] — it is — the content of SrO - 

— desirable — less than [ 10 mol % ] — it is less than [ 8 mol % ] more preferably, the content of BaO — 
desirable — less than [ 10 mol % ] — it is less than [ 5 mol % ] more preferably. Especially as RO, MgO is 
desirable. 

[0041] the sum total content of RO and R'20 — desirable — 5-35-mol % — more — desirable — 10-30-mol % 

— further — desirable — 10-25-mol % — it is 10-22-mol % especially preferably. Furthermore. Ti02 0-10-mol 
% can be included and the desirable content of Ti02 is 0-7-mol %. Moreover. Zr02 0-10-mol % can be included 
and Zr02 desirable content is 0-7-mol %. 

[0042] This glass substrate IV can make an underwater brittleness index value more preferably 1/2 or less [ 8 
micrometers - ] still more preferably 1/2 or less [ 9 micrometers - ] 1/2 or less [ 10.5 micrometers - ] 1/2 or 
less [12 micrometers - ]. Moreover, a dew-point can make more preferably the brittleness index value in an 
ambient atmosphere -5 degrees C or less still more preferably 1/2 or less [ 4 micrometers - ] 1/2 or less [ 5 
micrometers - ] 1/2 or less [ 6 micrometers - ] 1/2 or less [ 7 micrometers - ]. 

[0043] In glass substrate I-IV for information record media of this invention, 70 or more GPas of 75 or more 
GPas of Young's modulus can be more preferably set to 85 or more GPas. 

[0044] It is desirable to raise the Young's modulus of a glass substrate from from [ when carrying out high- 
speed rotation of the information record medium containing the glass substrate of thin meat and the glass 
substrate concerned prevents deforming by resonance etc. ]. For example, when rotating the diameter of 3.5 
inches and the magnetic disk produced using the glass substrate with a thickness of 0.635mm with which 
Young's modulus consists of glass of 70 or more GPas by lOOOOrpm, the premature start height of the magnetic 
disk and the record reproducing head concerned can be secured to stability in general by 1 micrometer or less. 
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[0045] moreover, in a glass substrate with an underwater low brtttleness index value, when Young's modulus is 
70 or more GPas further, the destruction at the time of handling the glass substrate in the condition of having 
wetted the glass substrate wet in the condition of having flooded with polish liquid, by grinding, the crack at the 
time of grinding, polish liquid, or the penetrant remover is markedly alike, and stops being able to happen easily 
[0046] Furthermore, in a glass substrate with the low brittleness index value underwater and/or in a desiccation 
ambient atmosphere, since a glass substrate cannot bend easily due to rotation or a load when Young's modulus 
is 70 or more GPas further, the destruction at the time of especially an information record medium carrying out 
high-speed rotation stops being able to happen further easily at the time of polish processing of a glass 
substrate and information record-medium use. 

[0047] Moreover, in glass substrate I-IV of this invention, 20 or more GPas of 25 or more GPas of rigidity can 
be more preferably set to 30 or more GPas. 

[0048] It is desirable to raise the rigidity of a glass substrate from from [ when carrying out high-speed rotation 
of the information record medium containing the glass substrate of thin meat and the glass substrate concerned 
prevents deforming by resonance etc. ]. For example, when rigidity rotates the diameter of 3.5 inches and the 
magnetic disk produced using the glass substrate with a thickness of 0.635mm which consists of glass of 20 or 
more GPas by lOOOOrpm, the premature start height of the magnetic disk and the record reproducing head 
concerned can be secured to stability in general by 1 micrometer or less. 

[0049] moreover, in a glass substrate with an underwater low brittleness index value, when rigidity is 20 or more 
GPas further, the destruction at the time of handling the glass substrate in the condition of having wetted the 
glass substrate wet in the condition of having flooded with polish liquid, by grinding, the crack at the time of 
grinding, polish liquid, or the penetrant remover is markedly alike, and stops being able to happen easily 
[0050] Furthermore, in a glass substrate with the low brittleness index value underwater and/or in a desiccation 
ambient atmosphere, since a glass substrate cannot bend easily due to rotation or a load when rigidity is 20 or 
more GPas further, the destruction at the time of especially an information record medium carrying out high- 
speed rotation stops being able to happen further easily at the time of polish processing of a glass substrate 
and information record-medium use. 

[0051] Moreover, in glass substrate I-IV of this invention, a specific Young's modulus (value which **{ed) 
Young's modulus by the consistency) is 27x106 or more N-m/kg. This specific Young's modulus can set the 
deflection at the time of high-speed rotation of an information record medium to 2 micrometers or less, and can 
secure and carry out the thing of the premature start height to stability in 1 micrometer or less as that result 
at 27x106 or more N— m/kg. Moreover, in a glass substrate with a small brittleness index value destruction 
stops being able to happen further easily due to there being few deflections at the time of high-speed rotation. 
As for this specific Young s modulus, it is more desirable that they are 30x106 or more N-m/kg. 
[0052] Moreover, in glass substrate I-IV of this invention, a consistency can also be preferably made into three 
or less 2.50 g/cm three or less 2.65 g/cm. Furthermore, in glass substrate I-IV of this invention, they are 1/2 
or more 0.83 MPa/m more preferably 1/2 or more 0.80 MPa/m 1/2 or more 0.75 MPa/m about a fracture 
toughness value. The destruction [ be / fracture toughness values / 1/2 or more 0.75 MPa/m ] at the time of 
glass substrate processing and use of an information record medium stops being able to happen easily. 
[0053] In glass substrate I-IV for information record media of this invention, what viscosity becomes from the 
glass which has the field which is 1 or more Pa-s is desirable in the temperature field beyond liquid phase 
temperature. 

[0054] In order to obtain the glass substrate for information record media, it is necessary to make it not 
devitrify substantially by the production process, and to perform the dissolution of a raw material and supply to 
the die of dissolved glass at least for that purpose above liquid phase temperature. For this reason, it is 
desirable to make liquid phase temperature of ingredient glass into 1350 degrees C or less in glass substrate I- 
IV of this invention, it is more desirable that it is 1250 degrees C or less, and it is desirable that it is especially 
1 1 50 degrees C or less. 

[0055] Here, it becomes difficult to obtain the flat glass substrate for information record media with thin meat 
by about [ that control of the flow rate of melting glass becomes it difficult that the viscosity at the time of 
supplying melting glass to a die is less than 1 Pa-s ] and press forming. In addition, as for glass substrate I-IV 
of this invention, what consists of glass which has the field whose viscosity is 3 or more Pa-s in the 
temperature field beyond liquid phase temperature is more desirable. 

[0056] The transition point of ingredient glass can be made into 470-640 degrees C in glass substrate I-IV of 
this invention. If a glass transition point is too high, the temperature field which can carry out press forming will 
become narrow, it is hard coming to carry out press forming of the glass substrate of thin meat, and after 
[ which will, on the other hand, form magnetic films such as a record layer, in a glass substrate if a glass 
transition point is too low ] forming in the case, the range of the heat— treatment temperature performed for the 
purpose, such as improvement in magnetic properties, becomes narrow. The range of the desirable transition 
point is 470-620 degrees C. 

[0057] In glass substrate I-IV for information record media of this invention, what a coefficient of thermal 
expansion becomes from the glass which is more than 60x1 0-7/degree 0 in the temperature of 100-300 
degrees C is desirable. In case information is recorded on information record media, such as a magnetic disk, an 
optical disk, and a magneto-optic disk, or in case the information currently recorded on the information record 
medium concerned is reproduced, the information record medium concerned rotates, after having been fixed to 
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the spindle of the drive motor prepared in the information processor by the clamp, but if the coefficient of 
thermal expansion of an information record medium differs from the coefficient of thermal expansion of the 
aforementioned clamp remarkably in this case, the following problems will arise. 

[0058] Namely, although temperature, such as an information record medium, a spindle, and a clamp, carries out 
a temperature up rapidly to about 90 degrees C by generation of heat of a drive motor etc. in case an 
information record medium is rotated If the coefficient of thermal expansion of an information record medium 
differs from the coefficient of thermal expansion of the aforementioned clamp remarkably Slack arises between 
an information record medium and a clamp according to the aforementioned temperature up, or distortion and 
bending arise in an information record medium, and the location of the data-logging part (truck) in an 
information record medium changes as the result, and it becomes easy to produce an error in informational 
record or playback. Such a problem turns into a problem with a big substrate like 3.5 inches especially. 
[0059] Therefore, as for the coefficient of thermal expansion of glass substrate I-IV of this invention, it is 
desirable to resemble the coefficient of thermal expansion of the aforementioned clamp as much as possible, 
since the aforementioned clamp is generally produced with the stainless alloy, the coefficient of thermal 
expansion in 100-300 degrees C of glass substrate I-IV of this invention is more than 60x10-7/degree C — 
desirable — more — desirable — more than 70x10-7/degree C — further — desirable — 70x10-7/degree-C - 
120x10-7/degree C ~ it is 80x10-7/degree-C - 1 00x1 0-7/degree C especially preferably. 
[0060] Glass substrate I-IV for information record media of this invention may not have the chemical- 
strengthening layer, by request may perform well-known chemical-strengthening processing, and may prepare a 
chemical-strengthening layer. When performing chemical-strengthening processing, it is good to choose the 
presentation suitable for chemical-strengthening processing from the range of the above-mentioned glass 
presentation. 

[0061] Chemical-strengthening processing can be performed by the ion-exchange method. This ion-exchange 
method is performed using the fused salt containing Na ion and K ion, and chemically strengthened glass is 
obtained. Although it is desirable as processing fused salt containing Na ion and K ion to use a sodium nitrate, a 
potassium nitrate, and its mixed fused salt, it is not limited to a nitrate and a sulfate, a bisulfate. a carbonate, a 
halogenide, etc. may be used. As mentioned above, since the glass used by this invention has low brittleness 
quantity fracture toughness and flexural strength also becomes high according to the ion exchange, the 
obtained chemically strengthened glass has the outstanding destructive resistance. 

[0062] As the manufacture approach of the glass substrate for information record media of this invention, there 
is especially no limit and it can use various kinds of approaches. For example, the raw materials for glass of 
elevated-temperature scorification, i.e.. a predetermined rate, are dissolved in the inside of air. or an inert gas 
ambient atmosphere, bubbling, stirring, etc. perform homogenizing of glass, it is fabricated by sheet glass with 
the pressing method, the well-known down draw method, and a well-known float glass process, circular 
processing and heart omission, inside-and-outside periphery processing, grinding, polish, etc. are given after 
that, and it considers as the substrate for information record media of desired size and a configuration. In 
addition, by polish, surface precision can be made into the range of 0.1-0.6nm by performing polishing 
processing by abrasives, such as lap INGU and cerium oxide, with abrasives or a diamond pellet. 
[0063] On glass substrate I-IV for information record media of above-mentioned this invention, the magnetic 
information record medium of this invention has a magnetic-recording layer at least, and can mention the 
configuration which prepared the substrate layer, the magnetic-recording layer, the protective layer, and the 
lubricating layer one by one on said glass substrate as a configuration of this magnetic information record 
medium, for example. 

[0064] Here, as a magnetic-recording layer, a Co-Cr system, a Co-Cr-Pt system, a Co-nickel-Cr system, a 
Co-nickel-Pt system, a Co-nickel-Cr-Pt system, a Go-Cr-Ta system, etc. can be used, for example. As a 
substrate layer, nickel layer, a nickel-P layer. Cr layer, etc. can be used, for example, the carbon film etc. can 
be used as a protective layer, for example, and lubricant, such as a perfluoro polyether system, can be used as 
a lubricating layer, for example. 
[0065] 

[Example] Next, although an example explains this invention to a detail further, this invention is not limited at all 
by these examples. 

[0066] In addition, the physical properties of the glass obtained in each example were measured according to 
the approach shown below. 

(1) The sample with a Young's modulus of 20x20x100mm was produced, and after measuring the longitudinal- 
wave rate (VI) and trans verse- wave rate (Vs) at the time of a 5MHz supersonic wave spreading the inside of 
the aforementioned sample using a SHINGUA round type acoustic-velocity measuring device (UVM-2 by the 
ultrasonic industrial company), it asked by the degree type. 
Young's modulus =(4G2-3 G-VI2 and rho)/(G-VI2andrho) 
G=Vs2andrhorho: The consistency of a sample (g/cm3) 

[0067] (2) It can ask for rigidity as G at the time of Youngs modulus measurement of the rigidity above (1). 
(3) After paying the liquid phase temperature sample to the container made from platinum and leaving it for 30 
minutes in a gradient temperature furnace, the existence of the crystal in the front face and the interior of a 
sample was observed using the optical microscope. And the minimum temperature in which a crystal does not 
deposit was made into liquid phase temperature. 
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(4) A glass transition point (Tg), a surrendering point (Td) 

About the 5mm phix20mm sample. It measured using the Rigaku apparatus for thermomechanical analysis 
(TMA8140) with +4-degree-C programming rate for /. In addition, Si02 was used as a standard sample, 
[0068] (5) The average coefficient of thermal expansion in the coefficient of thermal expansion of 100-300 
degrees C was meant and it measured together at the time of measurement of a glass transition point, 
(6) it was shown all over Table 1 - 15 to the sample which processed tabular [ of 2mm thickness ] using the 
micro hardness tester (MVK-E) of a brittleness index value Akashi factory — it pushed in, the Vickers indenter 
was pushed in by the load, and the indentation and the crack were introduced into the sample. 
[0069] When making it a value from which a probability becomes 60 or more measures an exact brittleness 
index value, Vickers hardness, fracture toughness, etc., it is desirable, and a pushing load has a more desirable 
value which becomes 70 or more, and is desirable to high-priced [ which become 80 or more ]. When the 
diagonal line length a and the Vickers indenter of the measured Vickers indentation were pushed in. die-length 
C of the crack generated from the corner of the Vickers indentation produced on a sample front face was 
measured. From the above measured value, Vickers hardness Hv. fracture toughness Kc. and the brittleness 
index value B were calculated using said formula (1) - (3). 

[0070] In addition, in order to search for the underwater brittleness index value B, Vickers hardness Hv, 
fracture toughness Kc. etc., pure waterdrop is dropped on a sample front face, after 30 seconds, the Vickers 
indenter is stuffed into a sample from on the waterdrop. and an indentation and a crack are introduced. 
[0071] Moreover, in order for a dew-point to search for the brittleness index value B in an ambient atmosphere 
-5 degrees C or less, Vickers hardness Hv, fracture toughness Kc. etc.. under desiccation nitrogen-gas- 
atmosphere mind, checking that the dew-point of the sample circumference is -5 degrees C or less, the 
Vickers indenter is stuffed into a sample and an indentation and a crack are introduced. In addition, the 
probability in Table 1 - 14 is the probability of occurrence per each top-most vertices of the crack produced 
from each four top-most vertices of an indentation. 

[0072] It is a start raw material so that the glass of the presentation shown in one to example 81 Table 1 - 14 
may be obtained Si02. aluminum 203, aluminum(0H)3. B-2s 03, HB03, and MgO. Mg (OH)2, MgC03, CaC03, 
SrC03, BaC03, ZnO. 300-1 500g weighing capacity was carried out using Li2C03, Na2C03, K2C03. Ti02, Zr02. 
etc.. and it fully mixed, and accomplished with the preparation batch, this was put into platinum crucible, and 
glass was dissolved at the temperature of 1400-1600 degrees 0 for about 3 to 8 hours in air. After melting, 
after cooling glass melt radiationally to the transition point temperature of a sink and glass to 40x40x20mm 
carbon metal mold, putting into the annealing furnace immediately and holding for 1 hour. It cooled radiationally 
to the room temperature in the furnace. A crystal to the extent that the obtained glass is observable under a 
microscope did not deposit. Thus, the obtained glass was processed, the sample for each physical-properties 
evaluation was produced, and physical-properties evaluation was performed. The result is shown in Table 1 - 



14. 
[0073] 
[Table 1] 
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[0074] 
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72.0 


92.0 


100.0 




SiO2<i^B203i-A]203+R0 
+R'20+Tl02+Zr02 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




St 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




548 


595 


641 


676 


543 


478 


Bftjfil TdPC] 


625 


676 


596 


733 


6t4 


551 




77 


87 


71 


52 


70 


82 


Ce/cm*] 


Z424 


2.518 








2.292 


■V-V^f * EfQPel 


63.82 


76.62 


88.53 


86.1 


61 54 






PHtt4(G [GPa] 


27.79 


31.13 


33.74 




24.84 


21.63 






1000 


1000 


1000 


1000 


1000 


1000 




J&dltaffiB[ifn|-*'n 


8j8 


9.3 


9.7 


9.6 


5.7 


6j6 




If VA— Hv [QPa] 


5.1 


5.5 


5,7 


5.9 


4.5 


4.2 




iKOKOtt Kc [MPa/m'^'] 


0.76 


0.61 


0.63 


0.B4 


0.85 


0.67 






95 


100 


100 


100 


95 


100 






5980 


1000 


1000 


1000 


€952 


5930 






4.5 


5.9 


6.1 


5.4 


3.4 


3.4 


m 


If V*— XBIffi Hv [GPa] 


4.3 


5.5 


6.1 


5.7 


4.4 


4.2 


N2 




1.17 


0.96 


1.03 


1.12 


1.40 


1.31 






80 


100 


100 


85 


80 


40 



[0075] 
[Table 3] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



04/10/08 



11/24 




S a 











ft 












13 


14 


16 


to 


17 


1 8 




Si02 


55.0 


65.0 


55.D 


55.0 


60jQ 


60.0 




B203 


104) 


15.0 


20.0 


25.0 


10.0 


10.0 




AI203 


12X 


10.0 


10.O 


10X) 


2.5 


5.0 




MgO 


8.0 


10.0 


5.0 


0.0 


10.0 


10.0 




CaO 




0.0 


0.0 


0.0 


0.0 


0.0 




ZhO 


— 


_ 







0.0 


0.0 




RO 


13.0 


10.0 


5.0 


0.0 


TO^ 


10.0 


IS 


Li20 


0.0 


0.0 


Old 


0.0 


0.0 


0.0 




Na20 


5.0 


6.0 


5.0 


5.0 


12.5 


10J) 


IC20 
R'20 




O.il 


5.0 


5.0 


5.0 


5.0 




fO.O 


to.o 


10.0 


10.0 




1 9.0 


TI02 


- 








0.0 


0.0 




Zf02 
















Si02^B20a'f^Al203 


77.0 


60.0 


85.0 


90.0 


72.5 


7IS ft 




B203/AI203 


o.a 


1.5 


2.0 


2.5 


4.0 


2.0 




R(HR'20 




20.0 


15.0 


10.0 


27.5 


25.0 




5iO24fi203tAI2034lK>fR'20 


100.0 


100.0 


100.0 


100.0 


100.0 


10O.O 




Si02^203+Al203+R*20 


87.0 


90X1 


95.0 


100.0 


90.0 


90.0 




Si02+B20afAl20a'hRO 
+R*20+Ti02<-Zr02 


fOO.0 


100.0 


100JI 


100.0 


100.0 


100.0 


^ it 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




806 


568 


522 


472 


536 


541 




678 


659 


612 


658 


595 


606 




70 


73 


66 


71 


99 


87 




2.439 


2.365 


2.307 








^:^<f* EEGPal 


72J>7 


65.21 


58.72 


49.65 




/Z.04 


1 


HI^^G CGPa] 


29.43 


26.60 


23.83 


20i>2 


30.32 


28 74 






1000 


1000 


1000 


1000 


1000 


1000 




iiK$ffi«ffiBrxfm-''n 


6.7 


B.9 


5^ 


5.4 


9.7 


6^ 




tf y*— X«S Hv [QPaJ 


6.0 


4.8 


4A 


3.9 


5.1 


5.1 






0.80 




U.oi 


0.78 


0.56 


0.87 






95 


100 


100 


100 


100 


100 






6952 


5980 


5980 


5980 


5980 


5980 






4.4 


3.6 


3.6 


3.1 


4.9 


4.4 


fit 


Hv [QP«] 


5.0 


4.7 


4.4 


3.9 


5.2 


5.3 


N2 


ttMtt Ko iMPa/m*'*] 


124 


1>41 


1.33 


1.36 


1.12 


1.23 






100 


100 


100 


60 


100 


ao 



[0076] 
[Table 4] 



http:/ / www4.ipdLncipi.gojp/cgi-bin/tran_web_cgi_eije 



04/10/08 



§t 4 







16 «l 






19 


20 


2T 


22 


23 


24 




SiOZ 


60.0 


60.0 


60.0 


60.0 


60.0 


60.0 




B203 


tn n 
iD.O 


f 0.0 


10.0 


10.0 


tox> 


10.0 




AI203 


73 


10.0 


10.0 


10.0 


lOi) 


12.0 






in n 


6.0 


10.0 


5.0 


7.5 


8.0 




CaO 


0 Q 




n n 


0.0 


0.0 


0.0 




ZnO 


ao 






5.0 


0.0 






RO 


in n 


10.0 


10-0 


fO.O 


7.5 


8.0 




U20 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




Na20 


7^ 


5^ 


6.0 


5.0 


6.0 


5.0 




K20 


6jO 


5.0 


5.0 


6.0 


5.0 


5.0 




R'20 


12.5 


10.0 


10.0 


10^ 


10.D 


10.0 


Ti02 


OJO 






0.0 


2^ 






Zf02 


OJO 






0.0 


0.0 






SI02+B203^AI203 


77^ 


80.0 


80.0 


60.0 


8O.0 


82.0 




B203/AI203 


1.3 


1.0 


1.0 


IX) 


1.0 


0.8 




R0-H1'20 


22.5 


20.0 


20.0 


20.0 


17.5 


1B.0 




Si02«fi203«-AI203t«<HR:20 


IOOjO 


100.0 


■ vv.l/ 


1 nn A 
lUU.U 


97.5 


100.0 




SI02+B2O3+At203+R'20 


90.0 


90.0 


90.0 


90i> 


90.0 


92.0 




Si02+B203i-AI203+RO 
+«*20+Ti02+Zr02 


iflo n 

lUU.M 


1 t\ft tt 

lUV.V 


IODjO 


100.0 


100.0 


100.0 




# «■ 


100 0 


inn n 


inn n 




100.0 


100.0 


100.0 






ROE 


583 


567 


566 


698 




019 


676 


686 


672 


672 


686 




85 


73 


77 


72 


77 


68 




2.409 


2.419 


2.382 


2.448 


2.386 


2.347 


EtePa] 


6d.70 


70.63 


67.26 


66.36 


66.05 


6^00 


1 






29.05 


27.61 


27.17 


27j09 








1000 


1000 


1000 


lUUU 


1 000 


10OO 






6.5 


6.6 


6.1 


5.9 


5.4 


6.0 




e^*— Hv CQPa] 


5.0 


5.3 


5JI 


4.9 


4.8 


5l1 




^SIBtt Kc CMPa/m*^*] 


0.d2 


0^3 


0.85 


0.87 


0.96 


0.83 






100 


100 


100 


95 


100 


95 






6980 


5960 


6980 


S980 


5980 


5980 






4.2 


4^ 


4.0 


3.9 


3.8 


4.9 




tfvA— XWK Hv [QPo] 


5.0 


5^ 


5.0 


4.9 


4.5 


4.9 








1.19 


1.29 


1.32 


1.34 


1.01 






60 1 


100 


100 


100 


80 


100 



[0077] 
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13/24 V 




S 6 











m 


Sfii M 










25 


26 


I 27 


28 


29 


30 




Si02 


60.0 


60.0 


65.0 


65.0 


65.0 


65.0 




B203 


15.0 


20.0 


0.0 


5.0 


5.0 


5.0 




AI203 


10.0 


10.0 


7.0 


2.5 


5.0 


5.0 




Mg0 


S.0 


OJO 


1.0 


10.0 


10.0 


5.0 




CftO 


0.0 


0.0 


1.0 


0.0 


0.0 


5.0 




ZhO 


— 


— 


D.0 


0-0 


0.0 


0.0 




RO 


5.0 


0.0 


2.0 


10.0 


10.0 


10.0 


ffi 


U20 


0.0 


0.0 


10.0 


0.0 


0.0 


0.0 




Na20 


5.0 


5.0 


10.6 


12.5 


10.0 


10.0 




K20 


5.0 




£.9 


5.0 


5.0 


5.0 




R*20 


10.0 


10.0 


2ZJ} 


17.5 


15.0 


15.0 


TI02 


- 




0.O 


0.0 


0.0 


0.0 




2r02 






3.0 


0.0 




0.0 




SIO24e203+AI2O3 


85.0 


90.0 


72.0 


72.5 


75.0 


75.0 




B20a/Al203 


1.5 


2.0 


0.0 


2.0 


1.0 


}J0 




R04f)'20 


1 R 4^ 
I O-V 


1U.U 


25.0 


27.5 


25.0 


25.0 




Si02tB203tAI203*fK>H9'20 


100.0 


100.0 


97 


100.0 


10O.O 


100.0 




SiQ2«B203Ml2a3-i'R'20 




100.0 


99.0 


80.0 


90.0 


90.0 




$i02+B203«-Al203-t-RO 
+R'20i-Ti02+Zr02 


100.0 


1O0.O 


100X> 


100.0 


1 00.0 


100.0 




St" 


1004) 


100.0 


lOOX 


1O0.O 


100.0 


100X1 




540 


488 


479 


553 


558 


651 




628 


583 


651 


812.7 
626.7 


634 


619 


ni^SiStt orxlO-'C/*t] 


68 


71 


98 


90 


B5 


91 




2.326 


2.259 


2.535 


2.461 


2.440 


lb. 4 DO 




61.15 


52.00 


82.25 


73.65 


72.10 


7d a*v 






24.81 




33.42 


30.35 


29.73 


30.81 






1000 


1000 


1000 


1000 


1000 


fOOO 






6^ 


6.2 


9.5 


7.7 


7.6 


9.0 




If «7^J^«« Hv [QP«] 


4.8 


4.4 


— 


5.8 


5.7 


6.4 






0.76 


n ^9 




0.72 


0.73 


0.56 






100 


80 




100 


100 


100 






5980 


5980 


5980 


5980 


5980 


0980 






3.8 


3.2 


6.0 


5.8 


4.9 


6.6 




If V*— XBEJE Hv fGPa] 


4.8 


4.1 


6.Q 


5.6 


S.8 


5.4 


N2 


«ftl»tt Kc CMPe/m'^'J 


1.28 


1.36 


1.18 


0.97 


1.13 


0.99 






100 


80 


100 


100 


100 


100 



[0078] 
[Table 6] 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgLejje 



04/10/08 



a 6 







ft ife «i 






0 1 


oZ 








JO 




Si02 










Oi>.U 






B203 






S.0 


5.0 




S A 




AI203 












n 

9M 




McO 


5.0 


6.0 


5.0 


5.0 


5.0 


5.0 




CaO 


3.0 


3.0 


5.0 


5.0 


5.0 


5.0 




ZnO 
















RO 


8.0 


8.0 


10X1 


10.0 


10.0 


10.0 


m 


uzo 


2.0 


0.0 


2.0 


2.0 


2J) 


4.0 




Na20 


1QJ) 


12.0 


11.0 


9.0 




9.0 


m. 


K20 






9 O 
CM 




ft n 

D.U 






R' 20 


17 J) 


17JI 


15.0 


15.0 


15X1 


15.0 




Ti02 


0.0 


O.C 


0.0 


0.0 


0.0 


0.0 




Zr02 
















Si02^B203-i-AI20 3 


75j0 


75j0 


75.0 


75.0 


75X) 


75.0 




B2O3/AI203 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




RO+R'20 


25.0 


25.0 


25.0 


25.0 


25.0 


25.D 




SiO2+fl203tM203HIO«R'20 


100.0 


100.0 


100J> 


IOOjO 


100.0 


100-0 




$i0M2O3^AI2O34-R-2O 


02.0 


92.0 


90.0 


BOJO 


90.0 


90.0 




SI024«203-f^AI203^RO 
♦R'20*7i02+ZrO2 


100.0 


100.0 


100X) 


100.0 


100 0 


100.O 






100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




51t 


540 


524 


526 


523 


507 


aij^jd Tdrc] 


581 


608 


599 


503 


595 


572 


ax10-V"C] 


92 


95 




as 


or 


1 vD 




2.473 


2.477 


2.485 


2.402 


2.477 


2.478 


-^>^^* E[GPo] 


76.71 


74.00 


78.97 


78.28 


77.13 


80.71 


Rlt£^G [GPa] 


31.62 


30.48 


32.50 


32.21 


31.74 


33.26 






1000 


1000 


1000 


1000 


1000 


1000 






9.9 


9.8 


9.8 


10,0 


10.6 


10.0 




If X« Hv [OPrf 


9.6 


5.8 


5.7 


5.8 


6.8 


5.8 




»««ll£Kc[MPa/m>''] 


0.58 


0.56 


0.60 


0.58 


0.55 


0.59 






100 


100 


100 


100 


100 


100 






5980 


5980 


5980 


5980 


59B0 


5980 




Bl^ffiSttBC/im-"^ 


5.0 


4^ 


5.4 


5.6 


5.5 


5.1 




e^*— Hv [QPd 


5.6 


5.1 


5.5 


5.7 


5.7 


5.6 


N2 




1.13 


1.14 


1.08 


1.04 


1.04 


1.15 






100 


100 


100 


100 


100 


100 



[0079] 
[Table 7] 
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15/24 /<— 




m 7 













ft III 

ITS PI 










37 


38 


39 


40 


A^ 
*t 1 






Si02 


65.0 


65.0 


fiB 0 




D3.ll 


DQ.U 




B203 


5X) 


5.0 


5.0 


5.0 








AI203 


^X> 


5.0 


5.0 


6.0 


5.0 


5 0 




MgO 


BJ^ 


5.0 


5.0 


5.0 








CaO 


5X 


5.0 


5.0 


5.0 


5.0 


5.0 




ZnO 












0.0 




RO 


10JO 


10 JO 


10.0 


10.0 


10.0 


10.0 




uzo 


4.0 


4.0 


6.0 


6.0 


6.0 


8.0 




Na20 


7.0 


5.0 


7.0 


5.0 


3.0 


6i) 




K20 


4.0 


s.o 


2.0 


4.0 


6.0 


2.0 




R' 20 


15.0 


15.0 


18.0 




ten 


15.0 




Ti02 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




Zr02 












0.0 




SiO2-i-B2O3>AI203 


75.0 


7B.0 


75.0 


75.0 




TR n 

iOM 




B203/AI203 






1.0 


1.0 


1.0 


T.O 




R0+R'20 


25.0 


25.0 


25.0 


25.0 


25J0 


25.0 




Si02»B2O3«Al2O34mHr20 


f00.0 


100.0 


100.0 


100.0 


100.0 


100.0 




Sj0Z«fiZO3i-AI2Oa4-R'20 


90.0 


90.0 


90.0 


90.0 


90i) 


90.0 




Si02^B2O3+Al2O3+R0 
+R'20+TI02+Zr02 


100,0 


100.0 


100U> 


100.0 


100.0 


100.0 




^ n 


100.0 


100.0 


100X) 


100.0 


100.0 


100.0 




510 


508 


500 


501 


501 


488 


m^A Tdrc] 


579 


579 


566 


5S8 


571 


552 




85 


115 


78 


81 


80 


78 












2.460 


2.464 


-^Vi^* ECGPa] 


7flj81 


78.63 




01. ID 




83.61 


Mtt^G [GPa] 


32^8 


32.38 


33.93 


33.44 


32.76 


34.44 






1000 


1000 


1000 


1000 


1000 


1000 






10.1 


10.6 


to.o 


9.9 


10.4 


9.9 




f«5f*— x«a: Hv tap J 


5.9 


5.8 


5.9 


5.9 


6.9 


6.1 




Kc CMPa/m*'^ 


0.58 


0.56 


0.60 


0.60 


0.57 


0.61 






100 


100 


100 


100 


100 


100 






5980 


5980 


5980 


5980 


5980 


5980 




K^^fllttBCiim''''] 


5.6 


5.1 


4.9 


S.O 


5.2 


4.7 


ft 


tf V*— Hv CGPa3 


5.7 


5.5 


5.6 


5.6 


6.6 


5.5 


N2 


tttilSt± Kc [MPa/m'^ 


1X>4 


1.13 


1.13 


1.17 


1.11 


1.25 






100 


100 


100 


100 


100 


100 
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16/24 ^— V 




a 8 













Si A 










43 


44 


45 


46 


47 


48 




SI02 


65.0 


65.0 


66.0 


65.0 


65.0 


65.0 




B203 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 




AIZ03 


5.0 


5.0 


5.0 


5.0 


5.0 


7.0 




M«0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 




CaO 


5.0 


5.0 


5.0 


0.0 


0.0 


3.0 




ZhO 


0.0 


0.0 


0.0 


0.0 


0.0 






RO 


10.0 


10.0 


10.0 


5.0 


5.0 


8.0 




Li2a 


8.0 


8.0 


0.0 


8.0 


2.0 


0.0 




Na20 


3.0 


1.0 


11.0 


10.0 


10.0 


10.0 


K20 


4.0 


ft n 




2.0 


5j0 


5.0 




R'20 


151) 


15.0 


15.0 


20.0 


1 7.0 


4 9.11 


1102 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




Zr02 


n ft 

U.O 




0X1 


0.0 


3.0 






SiO2<*-B203^A12O3 


75.0 


75.0 


75.0 


75.0 


75.0 


77.0 




B203/AI203 


1.0 


1.0 


1.0 


1.0 


1.0 


0.7 




R(HR'20 




25.0 


25.0 




22.0 


23.0 




Si02^2O3^AI2O34PO4R20 


100.0 


IOOjO 


100.0 


100.0 


97.0 


100.0 




Si02+B203^AI203+R'20 


90.0 


90.0 


90.0 


05.0 


92.0 


92.0 




SiO24B2O3+Al203+R0 
+R*20+Ti02+ZrO2 


fOO.O 


100.0 


100.0 


100.0 


100.0 


100.0 






100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




4fi4 


504 


552 


474 


533 


636 




561 


577 


622 


536 


615 


5B6 




ai 


73 


89 


91 


87 


122 




2.458 


2.446 


2.485 


2.449 






E[GPa] 


82.10 


70.04 


75.27 


79.92 


77.29 


71 94 




Mft^G [GPaJ 


33.82 


32.64 


30.B6 


32.45 


31.61 


29.58 






1000 


1000 


1000 


1000 


1000 


1000 






9.8 


9.9 


9.9 


9.5 


9.0 


8.5 




e?;*— X«er Hv [GPa] 


5.9 


5.7 


5.8 


— 


— 


5.1 




Kc [MPa/m^'l 


0.6 1 




U.Oa 






0.63 






100 


100 


100 






100 




ffua-^es [gF] 


5980 


5980 


5980 


6980 


5080 


5980 






4.7 


4.8 


5.7 


4.6 


4.3 


5-f 




If X«S Hv CGPa] 


6.8 


5.4 


5.5 


6.6 


5.5 


5.2 




ttOIIBtt Kc fMPa/m'^*] 


1^5 


1.19 


0.99 


1.27 


1.30 


1.06 






ICQ 


100 1 


100 


100 


100 


100 
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« 9 







«J6« 






49 


50 


51 


52 


53 


04 


55 




Si02 


65.0 


65.0 


65i) 


65.0 


65.4 


65.4 


65.4 




D203 


5,0 


5.0 


7.5 


10.0 


0.0 


0.0 


0.0 




At20a 


7^ 


10.0 


2.5 


0.0 


8.6 


8.6 


6.6 




MffO 


10.0 


10.0 


5.0 


5.0 


0.0 


0.0 


0.0 




CaO 


0.0 


ajo 


5.0 


5.0 


0.0 


0.0 


0.0 




ZnO 


0.0 


0.0 






0.0 


0.0 


0.0 




RO 


fo.o 


10.0 


10.0 


10.0 


0.0 


0.0 


0.0 


Ifi 


Li20 


0.0 


0 n 


n n 


0.0 


12.6 


7«5 


0.0 


ft 


N«20 


7.5 


6.0 


10.0 


10.0 


10.5 


10.5 


13.0 


K20 


5.0 


5.0 


6.0 


5.0 


0.0 


5.0 


10.0 




R 20 


12.5 


10.0 


15.0 


1 5.0 




23.0 


23.0 


TI02 


0.0 


0.0 


OJO 


0.0 


0.0 


0.0 


0.0 




Zr02 










3.0 


3.0 


3.0 






77.5 


8O.0 


75.0 


75.0 


74.0 


74.0 


74.0 




B203/A1203 


0.7 


0.5 


3.0 


— 


0.0 


0.0 


0.0 




RO+R ZO 




20.0 


25J} 


25.0 


23.0 


23.0 


23.0 




St024e2O3fAI2OJH)a»fr2O 


100.0 


1 00 jO 


100.0 


100.0 


97.0 


97.0 


97,0 




Si02^B2034AI20a^R'20 


90.0 


90.0 


90.0 


90.0 


97.0 


97.0 






SI O2-i^B203+AI203-i-R0 
+R'2CH-Ti02+2r02 


100.0 


tOOX) 


1OQ.0 


100.0 


100.0 


100.0 


100.0 






inn n 
100.0 


lOOi) 


100.0 


100.0 


100.0 


100^ 


100.0 




577 


631 


557 


559 


498 


491 


634 




66d 


752 


622 


623 


564 


568 


629 




76 


70 


87 


89 


89 


11G 


113 


ttS CR/cm*l 


2.419 


2.399 


2.486 


2.493 


2.511 


2.523 


Z.537 


EtGPa] 


71.46 


70.77 


7S.10 


78.41 


84.13 


79.70 


71.31 




Q [GPb] 


29.51 


29.49 


31.35 


32.37 


34.71 


32.82 


29.30 








1000 


1000 


1000 


1000 


1000 


1000 






8.4 


7.1 


10.4 


13.2 


7.8 


8.4 


7.9 




et^*— XttJt Hv [GPal 


5.6 


5.1 


5.4 


5.9 


5.6 


5.7 


6.4 




fift^l99tt Kc [MPa/m*^ 


0.96 


0.76 


0.54 


0.44 


0.77 


0.70 


0.69 






100 


100 


100 


100 


fOO 


100 


fOQ 




ffUa&^£ [gF] 


5980 


5980 


9980 


5980 


5980 


5980 


5980 




ll*»;^eB[//m-'''] 


5.2 


5.3 


4.9 


6.5 


4.3 


6.0 


5.2 


SI 


ey*— xaffi Hv [QP.1 


5.6 


5.2 


6.2 


5.5 


5.4 


5.5 


4.9 


NZ 


Ke OMPa/m'^'} 


1.05 


1X31 


1-13 


1.05 


t.37 


1.16 


1.02 






100 


100 


fOO 


too 


100 


100 
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% 10 













m tfl 










56 


57 




99 


GO 


61 




SI02 


4^ Si 


53.2 


9t,V 


RO ft 


59.0 


56.0 




BZ03 


16j0 


14.4 


9.5 


9 0 


9.5 


10.5 




AI203 


16.0 


14.4 


9.5 


a n 




IQ.5 




MgO 


0.0 


D.Q 






Z.O 


0.0 




CaO 


0.0 


O.D 


0.0 


0.0 


0.0 


0.0 




ZnO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




RO 


0.0 


0.0 


2.0 


3.0 


2.0 


0-0 


IS 


Lt20 


10.0 


10.0 


9.0 


10.0 


0.0 


il\t\ 
lU.ti 




Na20 


8.0 


6.0 


9.0 


10.0 


9.0 


SJ) 


Eir 


K20 


2.0 


ZJD 


2.0 


0.0 


2.0 


5.0 




R' 20 


on n 


ion 


ZU.U 


20.Q 


20X> 


20.0 


Ti02 


OJD 


0.0 




0.0 


0.0 


0.0 




Zr02 


0.0 


0.0 


ZJO 


0.0 


0.0 


0.0 




SiD24-B20a-»-At203 


S0.O 




fO.V 




78j0 


80.0 




B203/AI203 


1.0 


1.0 


1.0 


1-0 


1.0 


1.0 




R<HR'20 


2ao 


ia.o 


22.0 


23.0 


22X) 


20.0 




5i024B2034M203*RO+Rr2a 


100.0 


100.0 


98.0 


100-0 


ioolo 


IOOjO 




Si02+B20a«^Al203+R'20 


100.0 


100.0 


B8.0 


97.0 


98.0 


100.0 




SiO2^B2O3t^AI2034-R0 
+R'20+Ti02+Zr02 


100.0 


100.0 


IOOjO 


inn A 


1 UU.U 


100.0 






100.0 


100.0 


ioojo 


100.0 


100.0 


100.0 




475 


463 


484 


483 


476 


473 




525 


639 


543 


534 


E30 


529 


flftttffftft Qrxio-'[A:l 


90 


77 


89 


84 


87 


84 




2.332 


2.359 


2.432 


2.456 


2.444 


2.415 


^>{fm E[GPa] 


72.62 


71,84 


81.35 


93.13 


80.45 


77.88 




G [GPbI 


29.16 


28.96 


32.96 


33.70 


32.73 


31.71 






6852 


6952 


6952 


6952 


6952 


6952 






3.6 


3-1 


3.9 


3.8 


3-7 


3.8 


ft; 




5.2 


5.0 


S.8 


5.8 


B.l 


S.5 


N2 




1.54 


1.71 


1.63 


1.57 


1.56 


1.51 






20 


60 


100 


100 


100 


80 
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m 11 





» 85 « 


62 


63 


64 


65 


66 


67 




Si02 
B203 
AI203 

CaO 

RO 
Li20 
Na20 

K20 
R'20 
Ti02 
Zr02 


59.0 


60.0 


60.0 


60.0 


60jO 


61.0 


10.5 


0X1 


5.0 


7.6 


9.0 


5.0 


10.6 


16.0 


16.0 


7.6 


9.0 


12.0 


0.0 


5J) 


OX) 


6.0 


0.0 


OX) 


0.0 




0.0 


0.0 


0.0 


0.0 


0.0 


ox> 


0.0 


0.0 


0.0 


0.0 


n n 


5.0 


0.0 


5.0 


0.0 


c n 

OM 


lao 


9.0 


8.0 


10.0 


9.0 


10.0 


10.0 


9.0 


9.0 


5.0 


9.0 


5.0 


0.0 


2.0 


2.0 


5.0 


2.0 


2.0 


20.0 


20.0 


20.0 


20.0 


20.0 


17.0 


OJO 


0.0 


0.0 


0.0 


O.0 


0.0 


Oi) 


0.0 


0.0 


0.0 


2.0 


0.0 


SiO2«^B2Oa^AI203 


80.0 


75-0 


80.0 


75.0 


78.0 


78.0 


llZUSr AIZU3 


1«0 


0.0 


0.3 


1 .0 


1.0 


0.4 


RO-frR'20 


20.0 


25.0 


20.0 


25.0 


20.0 


22.0 


SiO2^205+AI2O3H?0+R20 


100.0 


IDOjO 


100X 


100.0 


98.0 


too.o 


SiO2<*«2O3+Ai203i-R'20 


100.0 


96.0 


lOOi) 


95.0 


98.0 


95.0 


SIO2-»B20a4^AI203+R0 
4«'20+Ti02*ZrO2 


100.0 


f oo.o 


lOOil 


100.0 


100.0 


too 0 




tOO.0 


too.o 


tOOX) 


100.0 


100.0 


100.0 




485 


530 


491 


464 


487 


495 




536 


610 


560 


535 


545 


564 


Wttflbift ffxio-'iy-c] 


82 


93 


68 


91 


87 


78 




2.420 


2.464 


2.428 


2.428 






•V>^^* E[GPa] 


ao.13 


82.79 


78.75 


79.23 


81.53 


60.56 


mitm Q [GPa] 


32.65 


33.71 


32.05 


32.38 


33.22 


32.77 


ft 
N2 


my^^^mm [en 


6952 


6952 


6952 


6952 


6952 


6952 




3.5 


4.2 


4.1 


4.2 


3.9 


3.9 


I: V*— Hv [GPa] 


6JS 


5.7 


5.4 


5.8 


5.6 


5.5 


Wmft Kc [MPa/m'^n 


1.65 






1.40 


1.50 






75 


80 


100 


60 


80 


100 
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m 12 







9^ » M 






SB 


69 


70 


71 


72 


73 






61.0 


62J} 


63.0 


63J> 


63.0 


65 J) 






9^ 


7.0 


7.5 


8.5 


8.5 


2.5 








7.0 


7.5 


8.5 


8.5 


10,5 






oi) 


2.0 


2.0 


0.0 


0.0 


5.0 




CaO 


\MM 




0.0 


0.0 


0.0 


0.0 




ZnO 


OJO 


- 


0.0 


0.0 


0.0 


0.0 




RO 


OJ) 


2.0 


2.0 


0.0 


0.0 


5.0 


IB 


U20 


10.0 


0.0 


9.0 


10.0 


9.0 


10.0 




Na20 


10.0 


9.0 


9.0 


10.0 


9.0 


5.0 




K20 


OJ) 


2.0 


2.0 


0.0 


2.0 


2.0 




R* 20 


20.0 


20J) 


20.0 


20.0 


20.0 


17.0 




Ti02 


OJ) 




0.0 


0.0 


0.0 


0.0 




Zr02 


OJ) 


2.0 


0.0 


0.0 


0.0 


0.0 






80.0 


76J) 


78.0 


80.0 


80.0 


78.0 




B203/AI203 


1.0 


1.0 


1J> 


1.0 


1.0 


0.2 




R0^R'20 


20.0 


22J> 


22.0 


20.0 


20.0 


22.0 




SiO2«B2O34-AeO3«RDHI'20 


100,0 


9 8 J} 


mo n 


inn n 




ifwi n 
llnl.U 




SiO2'42Oa4-Al203'*'R'2O 


too.o 


96J» 


98.0 


100.0 


100.0 


95.0 




Si02*B203+Af2Oa4-RO 
*R'20*TI02*2>02 


inn A 


inn n 


t tin n 




100.0 


100.0 






1Q0.0 


100.Q 


100.0 


100.0 


100.0 


100.0 




483 


480 


471 


480 


479 


493 




535 


540 


528 


533 


537 


568 




85 


86 


89 


84 


89 


60 




2.427 










2.421 


Af >i^* ECGPa] 


81.00 


83.00 


80.96 


81.57 


79.91 


80.67 




33.08 




33.00 


33.37 


32.71 


33J)9 






6952 


6952 


6952 


6952 


6992 


6952 






3.7 


4.0 


4.1 


3.9 


3.8 


4.1 


ft 

N2 


e:5rA— ;^«flE Hv EGPa] 


5.8 




6.7 


5.5 


5.5 


5.7 


«[««attKc[MP./ii>*'n 


1.68 




1.44 


131 


1.62 








40 




100 


100 


100 


100 
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ft 13 















IK 


/o 


77 




Si02 


Ail n 


09.U 




D5.0 




B203 


5.0 




7 K 


tJtj 




A1203 








7 R 

/.o 




McO 


0,0 


0.0 


0.0 


0.0 




CaO 


0.0 


0.0 


0.0 


0.0 




ZnO 


0.0 


OJO 


0.0 


0.0 




RO 


0.0 


0.0 


0.0 


0.0 




Li20 


10^ 


6.0 


10.0 


10.0 




Na20 


10.0 


10.0 


5.0 


7.5 






5.0 


5.0 


2.5 




R*20 


25^ 


20.0 


20.0 


20.0 




Ti02 


0.0 


0.0 


0.0 


0.0 




Zr02 


0.0 


0.0 


0.0 


0.0 




^O2-fB2O3-i'AI203 


75.0 


80.0 


80.0 


80.0 




B2O3/AI203 


1.0 


1 .0 


1 0 


1 n 
1 .11 




RO^R ZO 


25.0 


20j0 


20.0 


20.0 




SI02+B203»Ai203«R(Hir20 


100.0 


loao 


100.0 


100 J) 




Si0M-a2O3-i-AI203i-R'2O 


100.0 


loao 


100.0 


100X 




Si02'»B203+Al203'^RO 
+R'2a+Ti02+ZrO2 


100.0 


100.0 


100.0 




100.0 






100.0 


100-0 


100.0 


100.0 




451 


482 


475 


472 




O 1 U 


541 


538 


529 




1 07 


99 


OK 




ffiS [ji/cm*] 


2.453 


2.452 


2.420 


2.429 


E[GPa] 


77.M 


77.81 


78.83 


80.62 






31.79 


31.07 


32.27 


33.01 






G952 


6952 


6952 


6952 






4.0 


4.3 


4.1 


3.9 


Si 

N2 


escei-XSK Hv CGPa] 


6.4 


5.4 


5.7 


5.6 




ttttmit Kc [MPa/ifi'^j 


1>42 


1.31 


1.42 


1.51 






100 


100 


100 


80 
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7B 


79 


80 


81 




Si02 


DO.IJ 


66J) 


65.0 


€5.0 




B203 


7 ■ 

r.*> 


7.9 


7.5 


lo.o 




AI203 




'.9 


r.9 


0.0 




MffO 


0.0 


0,0 


0,0 






CaO 


0.0 


0.0 


0.0 


0.0 




ZnO 


0.0 


0.0 


0.0 


0.0 




RO 


0.0 


0.0 


0.0 






Li20 


10.0 


10.0 


9.0 


6.0 




Na20 


lOi) 


10.0 


9.0 


10X> 


IK 


KZO 


0.0 


0.0 


2.0 


5.0 




R'20 


20.0 


20.0 


20.0 


20.O 




TI02 


0.0 


0.0 


OJO 


0.0 




Zr02 


0.0 


0.0 


OX) 


0.0 




$i02-^203-*^AIZ03 


80.O 


80.0 


80.0 


75.0 




B2O3/AI203 


1 n 


1 n 


1 .U 






R0+R*20 


20.0 


20.0 


20.0 


25.0 




SiO2+B2OMI2O3Hi(Hir20 


100.0 


100.0 


tOO.0 


100.0 




St024B2034-AI203-fR'20 


100.0 


100.0 


100.0 


95.0 




Si02'«203+AI20a'*-RO 
+R*20+Ti02+Zr02 


100.0 


100.0 


100.0 


100.0 






100.0 


100.0 


100.0 


IGO.O 




483 


478 


477 


484 




544 


533 


533 


541 






o9 


Sa 


98 




2.440 


2.431 


2.434 


2.477 


■^^>4^* ECGPa] 


8^07 


82.00 


80.81 


80.64 






33.68 


33.66 


33.15 


33.02 






1000 


1000 


1000 


1000 






3.9 


3.8 


3.9 


4.2 




e^*— XHft Hv [GPa] 


5.6 


5.6 


5.7 


5.7 


N2 




1.52 


1.53 


1.40 


1.39 






80 


100 


100 


100 



[0087] About the glass indicated by the example 1 of a comparison - 3 JPJ0-158028A the physical properties 
were shown in Table 15. 
[0088] 
[Table 15] 



22/24 ^— i 




http:/ / www4.ipdl.ncipi.gojp/ cgi-bin/tran_web,cgi,eije 



04/10/08 



23/24 ^— V 




m 15 





Itttfl 1 


itVtm 2 


ittt«i 3 




Si02 


69.28 


69.94 


68.94 




B203 


— 


— 


— 




AI203 


2.5 


2.5t 


4.24 




MgO 


6.97 


6.96 


5.77 




CaO 


7.97 


B 


8J28 




SrO 


— 


0.24 


1.81 




Li20 










NaZO 


1.96 


4.93 


1.46 




K20 


9.5S 


6.75 


9.25 




Ti02 




— 


— 




Zr02 


1.7B 


0.66 


0.26 




^ if 


100.0 


100.0 


100.0 




657 


623 


658 




780 


710 


732 




86.6 


85.8 


82.8 


ffift b/cm'] 


2.52 


2.49 


2.51 


A^V-y* E£GPa] 


80.5 


80.3 


81.5 




1000 


1000 


1000 




7.2 


7.2 


7.T 


tt/*— AHtf Hv [GPa] 


6.1 


6.1 


6.2 


«««Jtt Kc [MPa/m'-''] 


0.90 


0.91 


1.05 



[0089] The glass obtained in the example 82 examples 1-81 is used, and it is (1) rough wrapping process (rough 
grinding process). (2) By performing a configuration processing process. (3) energy wrapping process (energy 
grinding operation), (4) end-face mirror plane processing process, the (5) 1st polish processes, the (6) 2nd 
polish processes, (7) inspection processes, and (8) magnetic-disk production process one by one, the glass 
substrate for information record media was produced, and the magnetic disk was manufactured further. In 
addition, pure water was used for the water of the polish liquid used for the polish equipment from the above- 
mentioned (4) end-face mirror plane processing process to the (6) 2nd polish processes. 
[0090] (1) Rough wrapping** obtained diameter 96mmphi and a disc-like glass substrate with a thickness of 
1.5mm from melting glass with the direct press using a punch, female mold, and a mold more nearly first. In 
addition, in this case, in addition to a direct press, it may start with a grinding stone from the sheet glass 
formed with the down draw method or the float glass process, and a disc-like glass substrate may be obtained. 
[0091] Subsequently, the wrapping process was performed in order to raise dimensional accuracy and 
configuration precision to a glass substrate. This wrapping process was performed using the abrasive grain of 
grain-size #400 using double-sided wrapping equipment. Both sides of the glass substrate contained in the 
carrier were wrapped at the profile irregularity of 0-1 micrometer, and about 6 micrometers (Rmax) of surface 
roughness by using the alumina abrasive grain of grain-size #400 first, specifically setting a load as about 980N. 
and rotating an internal gear with Sun Geer. 

[0092] (2) While vacating the hole for the central part of a glass substrate using the grinding stone of the shape 
of a configuration processing process, next a cylinder, after carrying out grinding of a periphery end face and 
setting a diameter to 95mmphi. predetermined beveling processing was performed to the periphery end face and 
the inner circumference end face. The surface roughness of the glass substrate end face in this case was about 
4 micrometers in Rmax. 

[0093] (3) By changing an energy wrapping process, next the grain size of an abrasive grain into #1000. and 
wrapping a glass substrate front face, it was set as about 2 micrometers by Rmax. and surface roughness was 
set to about 0.2 micrometers by Ra. Sequential immersion of the glass substrate which finished the above- 
mentioned wrapping process was carried out at each washing tub (ultrasonic impression) of neutral detergent 
and water, and ultrasonic cleaning was performed. 

[0094] (4) More nearly subsequently, rotating a glass substrate, by brushing, it ground to 1 micrometer by Rmax. 
and end-face mirror plane ****** ground the granularity of the front face of the end face (inner circumference.* 
periphery) of a glass substrate to about 0.3 micrometers by Ra. And backwashing by water of the front face of 
the glass substrate which finished the above— mentioned end— face mirror plane processing was carried out. 
[0095] (5) In order to remove the blemish and distortion which remained at the 1st polish process, next the 
wrapping process mentioned above, the 1st polish process was performed using double-sided polish equipment 
In double-sided polish equipment the glass substrate held with the carrier is stuck between the vertical surface 
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plates with which the scouring pad was stuck, this carrier is meshed to Sun Geer and an internal gear, and the 
above-mentioned glass substrate is compressed with a vertical surface plate. Then, by supplying polish liquid 
between a scouring pad and the polished surface of a glass substrate, and making it rotate, while a glass 
substrate rotates on a surface plate, it revolves around the sun, and polish processing of both sides is carried 
out at coincidence. Hereafter, the same equipment was used as double-sided polish equipment used in the 
example. 

[0096] Specifically, the polish process was carried out, using a hard polisher (hard urethane foam) as a polisher. 
Polish conditions were used as cerium oxide (mean particle diameter of 1.3 micrometers) + pure water as polish 
liquid, and were made into load:9.8mN/mm2, and polish time amount:15 minutes. To neutral detergent pure 
water, pure water, isopropyl alcohol (IPA), and each washing tub of IPA (steam seasoning), sequential immersion 
was carried out, and the glass substrate which finished the above-mentioned 1st polish process was cleaned 
ultrasonically, and was dried to them. 

[0097] (6) the 2nd polish process — using the double-sided polish equipment same type as what was used at 
the 1st polish process next, the polisher was changed into the elasticity polisher (suede putt), and the 2nd 
polish process was carried out. This 2nd polish process aims at reducing surface roughness Ra to about 1.0-0.3 
micrometers or less, for example, maintaining the flat front face obtained at the 1st polish process mentioned 
above. Polish conditions were used as cerium oxide (mean particle diameter of 0.8 micrometers) + pure water 
as polish liquid, and made load:9.8mN/mm2 and polish time amount 5 minutes. To neutral detergent, pure water, 
pure water, and each washing tub of IPA and IPA (steam seasoning), sequential immersion was carried out, and 
the glass substrate which finished the above-mentioned 2nd polish process was cleaned ultrasonically, and was 
dried to them. Although the glass substrate of this example did not have a chemical-streng^thening layer, a glass 
substrate did not destroy it at the time of handling of the inside of said polish process, a process, and a 
process. 

[0098] (7) The close examination using the visual inspection on an inspection process, next the front face of a 
glass substrate which finished the above-mentioned desiccation, and reflection, dispersion and transparency of 
light was carried out. Consequently, defects, such as a blemish, were not discovered on a glass substrate front 
face. Moreover, when the surface roughness on the front face of main of a glass substrate pass the above- 
mentioned process was measured with the atomic force microscope (AFM), the glass substrate for magnetic 
disks with Rmax=2.13nm. Ra=0.20nm. and an overly smooth front face was obtained. 

[0099] (8) The inline-type sputtering system was used for both the main front face of the glass substrate for 
magnetic disks pass the magnetic-disk production process above-mentioned process, sequential membrane 
formation of a NiAl seed layer, a CrV substrate layer, a CoPtCrB magnetic layer, and the hydrogenation carbon 
protective layer was carried out, the perfluoro polyether lubricating layer was further formed with the dip 
method, and the magnetic disk was obtained. About the obtained magnetic disk, when the touch-down height 
test was carried out. the touch-down height showed 5nm and a good value. Moreover, even if it performed the 
load unload trial (100.000 times), a head did not crash. 

[0100] The magnetic disk was manufactured like the example 82 except having performed the following 
chemical-strengthening process between the (6) aforementioned 2nd polish processes in example 83 example 
82, and the inspection process of the above (7). The chemical-strengthening process prepared the chemical- 
strengthening liquid containing the mixture of a potassium nitrate and a sodium nitrate, heated this chemical- 
strengthening solution at 380 degrees C. was immersed in the glass substrate [ finishing / above-mentioned 
washing and desiccation ] for about 4 hours, performed chemical-strengthening processing, to a sulfuric acid, 
neutral detergent, pure water, pure water, and each washing tub of IPA and IPA (steam seasoning), it carried 
out sequential immersion, cleaned ultrasonically the glass substrate which finished the chemical strengthening, 
and dried it to them. 

[0101] When the 0.4mm flake was cut down and it measured about the obtained glass substrate using the 
polarization microscope, it was checked that the chemical-strengthening layer is formed. A glass substrate did 
not destroy the glass substrate of this example at the time of handling of the inside of said polish process, a 
process, and a process. About the obtained magnetic disk, when the touch-down height test was carried out. 
the touch-down height showed 5nm and a good value. Moreover, even if it performed the load unload trial 
(1 00,000 times), a head did not crash. 
[0102] 

[Effect of the Invention] The glass substrate for information record media of this invention is excellent in 
abrasion-proof nature, and it is lightweight, its drag force to destructive advance, i.e.. fracture toughness, is 
large, and the breakage under industrial processing, such as a magnetic disk, and breakage in use [ as an 
information record medium ] can reduce it sharply compared with the conventional glass substrate for 
information record media. Furthermore, since it can mass-produce at cost comparable as a commercial glass 
substrate also as glass, or low. it is greatly expectable as a cheap glass substrate for next-generation 
magnetic-recording media. 

[Translation done.] 
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TECHNICAL HELD 



[Field of the Invention] This invention relates to the magnetic information record medium which used the glass 
substrate for information record media, and it. In more detail, this invention excels in abrasion-proof nature and 
is lightweight, and it is related with the magnetic information record medium using the glass substrate for 
information record media with big fracture toughness, and this glass substrate for information record media 
represented by the hard disk. 
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PRIOR ART 



[Description of the Prior Art] Conventionally, aluminum, glass, the ceramics, etc. have been used as a substrate 
ingredient for magnetic information record media. According to current size, or an application, aluminum and 
glass are mainly put in practical use. In it. a glass substrate has little surface discontinuity, and since smooth 
nature and surface hardness are excellent, the use range is being expanded every year. As glass used as a 
substrate for magnetic information record media, the chemically strengthened glass by the ion-exchange 
method, glass ceramics, etc. are known. As chemically strengthened glass, it is a weight % display and the glass 
substrate for magnetic disks by which formed the compressive-stress layer on the surface of the glass 
substrate, and the chemical strengthening was carried out by the ion-exchange method according the glass 
containing 2:50 - 65% of SiO(s), 203:0.5 - 14% of aluminum, R20(however, R alkali-metal ion):10-32%. ZnO:1- 
15%, and B-203:1 .1 -14% to alkali ion is indicated by JP,1-239036,A, for example. Moreover, as glass ceramics, it 
is in a U.S. Pat. No. 5391522 specification, for example, By weight % display. 2:65 - 83% of SiO(s). Li20:8-13%. 
K2O:0-7%, MgO: — 0.5 - 5%, ZnO:0-5%, and PbO:0-5% — however MgO+ZnO+PbO: The glass-ceramics 
substrate for magnetic disks including Li20 and a 2Si02 crystal-grain child detailed as a main crystal is 
indicated 0.5-5% and P205:1-4% including 203:0 - 7% of aluminum, and 203:0 - 2% of As203+Sb(s). 
[0003] However, since information recording apparatus, such as a magnetic disk represented by the hard disk in 
recent years, are asked for the densification of record, and the writing of data and improvement in the speed of 
reading, improvement in the speed of disk rotation is needed for them. Although the rotational speed of a 
current disk is 7200rpm extent, accelerating more than 15000rpm or it in the future is expected. This demand is 
considered to become still stronger by especially the hard disk drive for servers that processes a lot of data. 
However, if the rotational frequency of a record medium is raised, a deflection will arise in a record medium, 
resonance will become large, and the danger that the front face of a record medium will collide with the 
magnetic head, and will read, and an error and the magnetic head will crash will become high. Therefore, since 
distance (surfacing distance) of the magnetic head and a record medium cannot be made small to some extent 
below in the present record medium, it is becoming the inhibition factor of the increment in recording density of 
a magnetic recording medium. The deflection of this record medium and the problem of resonance are solved by 
use of the rate substrate ingredient of high elasticity. 

[0004] However, the motion to which it tends to thicken a substrate and tends to correspond to high-speed 
rotation-ization of a hard disk since an elastic modulus is 80 - lOOGPa extent in 72GPa extent and cannot 
respond to high-speed rotation-ization yet is coming out of a glass substrate the aluminum substrate generally 
used so far. Since the increase of thickness of a substrate is accompanied by the increase of weight, the power 
[ exhausting ] of rotation[ high-speed ]-izing becomes large. Therefore, a substrate ingredient lighter than an 
aluminium alloy with a large consistency (2.76 g/cm3) is called for fr-om a commercial scene. Moreover, an 
aluminum substrate has a possibility of denting the front face of a record medium in the collision of a high- 
speed rotation substrate and the magnetic head, in order that plastic deformation may tend to break out 
[ surface hardness ] low far from glass. On the other hand, although the glass substrate excels the aluminum 
substrate in an elastic modulus, surface hardness, and surface smooth nature, since it is weaker than an 
aluminum substrate, it is easy to get damaged, and existence of few blemishes formed in a production process 
leads to breakage. For example, when using glass as a magnetic-disk substrate, many processing processings, 
such as circular processing and heart omission and inside-and-outside periphery side processing, are needed. 
During these processing processings, too, many blemishes which can serve as a destructive radix point in the 
glass edge section etc. occur, and few blemishes formed only in a production process at the time of wearing 
and the other handling by the spindle lead to substrate breakage. This problem becomes more important 
especially with improvement in the speed of magnetic-disk rotation. In order to solve these problems, it is 
necessary to offer high, the drag force, i.e., fracture toughness, over destructive advance of the substrate glass 
with which a consistency cannot get damaged easily small, or glass, substrate glass. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The glass substrate for information record media of this invention is excellent in 
abrasion-proof nature, and it is lightweight, its drag force to destructive advance, i.e., fracture toughness, is 
large, and the breakage under industrial processing, such as a magnetic disk, and breakage in use [ as an 
information record medium ] can reduce it sharply compared with the conventional glass substrate for 
information record media. Furthermore, since it can mass-produce at cost comparable as a commercial glass 
substrate also as glass, or low, it is greatly expectable as a cheap glass substrate for next-generation 
magnetic-recording media. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention is the basis of such a situation, and when the 
consistency which can respond to rotation[ high-speed ]-izing or a high recording density-ized trend is small, 
and it excels in abrasion-proof nature and a blemish cannot be attached easily, it aims at offering the drag force 
to destructive advance, i.e., the glass substrate for information record media with big fracture toughness, and 
the magnetic information record medium using it. 
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MEANS 



[Means for Solving the Problem] In order that this invention persons may attain said purpose, as a result of 
repeating research wholeheartedly, the glass substrate below a value with the brittleness index value measured 
in underwater and/or a desiccation ambient atmosphere or the glass substrate which consists of glass of a 
specific presentation came to complete this invention for that purpose being suited as a glass substrate for 
information record media based on a header and this knowledge. 

[0007] Namely, the glass substrate for information record media with which a brittleness index value [ in / in 
this invention / (1) underwater ] is characterized by being 1/2 or less [12 micrometers - ] (Glass substrate for 
information record media I is called hereafter.) The glass substrate for information record media characterized 
by a brittleness index value [ in / in (2) dew-points / an ambient atmosphere -5 degrees C or less ] being 1/2 
or less [ 7 micrometers - ] (the glass substrate II for information record media is called hereafter.) A (3) 
underwater brittleness index value is 1/2 or less [12 micrometers - ]. And the glass substrate for information 
record media characterized by a brittleness index value [ in / in a dew-point / an ambient atmosphere -5 
degrees C or less ] being 1/2 or less [ 7 micrometers - ] (the glass substrate III for information record media is 
called hereafter.) By (4) mol %, while more SiO(s)2. and B-2s OS and/or aluminum 203 than 65% are included 
with the total quantity 0 - 20% (at least one sort as which R is chosen from Mg, calcium. Zn. Sr. and Ba) of RO 
(s). R'20(at least one sort as which R' is chosen from Li, Na, and K) 0 - 28%, The above (1) which the sum total 
content of the above-mentioned component becomes from the glass which is 95% or more, including Ti02 0- 
10% and 20 - 10% of ZrO(s), (2), or the glass substrate for information record media given in (3), [0008] (5) At 
mol %. they are 2 2 - 45% of SiO(s). and R'20 (it Li(s) R*). 40 - 75%, B-2 03. and/or aluminum 203 The glass 
substrate for information record media characterized by the sum total content of Si02. B-2s aluminum [ 03 
and ] 203, and R'20 consisting of glass which is 90% or more, including 0 - 40% per sort [ at least ] chosen from 
Na and K (the glass substrate IV for information record media is called hereafter.) The glass substrate for 
information record media given in the above (5) whose (6) underwater brittleness index value is 1/2 or less [ 12 
micrometers - ], (7) The above (5) whose brittleness index value [ in / in a dew-point / an ambient atmosphere 
-5 degrees 0 or less ] is. 1/2 or less [ 7 micrometers - ], or the glass substrate for information record media 
given in (6), (8) The above (1) whose Young s modulus is 70 or more GPas thru/or the glass substrate for 
information record media given in any 1 term of (7). (9) In the temperature field beyond the above (1) whose 
rigidity is 20 or more GPas thru/or the glass substrate for information record media given in any 1 term of (8), 
and (10) liquid-phase temperature The above (1) which viscosity becomes from the glass which has the field 
which are more than IPa and s thru/or the glass substrate for information record media given in any 1 term of 
(9), [0009] (11) The above (1) which a coefficient of thermal expansion becomes from the glass which is more 
than 60x10-7/degree C in the temperature of 100-300 degrees C thru/or the glass substrate for information 
record media given in any 1 term of (10). (12) The above (1) which does not have a chemical-strengthening 
layer thru/or the glass substrate for information record media given in any 1 term of (11). (13) The above (1) 
which has a chemical-strengthening layer thru/or the glass substrate for information record media given in any 
1 term of (11), And the magnetic information record medium characterized by having a magnetic-recording layer 
at least on the glass substrate for information record media (14) above (1) thru/or given in any 1 term of (13) is 
offered. 
[0010] 

[Embodiment of the Invention] There are four modes, i.e., glass substrate I-IV for information record media, in 
the glass substrate for information record media of this invention. A brittleness index value [ in / in glass 
substrate I for information record media of this invention / underwater ] is 1/2 or less [ 12 micrometers - ] 
glass substrate. A brittleness index value underwater [ this ] serves as a glass substrate which is not weak, so 
that that value is low. A brittleness index value underwater [ this ] is 1/2 or less [ 8 micrometers -] still more 
preferably 1/2 or less [ 9 micrometers - ] more preferably 1/2 or less [ 10.5 micrometers - ]. When an 
underwater brittleness index value is such a value, the destruction at the time of polish processing of a glass 
substrate performed in the condition of having flooded with polish liquid, and handling of the glass substrate in 
the condition of having wetted wet in polish liquid and a penetrant remover stops being able to happen easily. 
[0011] A brittleness index value [ in / glass substrate / II / of this invention / for information record media / in 
a dew-point / an ambient atmosphere -5 degrees C or less ] is 1/2 or less [ 7 micrometers - ] glass substrate. 
This index value is 1/2 or less [ 4 micrometers - ] still more preferably 1/2 or less [ 5 micrometers - ] more 
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preferably 1/2 or less [ 6 micrometers - ]. When a brittleness index value [ in / in a dew-point / an ambient 
atmosphere, i.e.. a desiccation ambient atmosphere. -5 degrees C or less ] is such a value, in a desiccation 
ambient atmosphere, destruction cannot take place easily at the time of handling the glass substrate for 
information record media, and the time of use of the information record medium using this glass substrate. 
[0012] A brittleness index value [ in / in the glass substrate III for information record media of this invention / 
underwater ] is 1/2 or less [12 micrometers - ], and a brittleness index value [ in / in dew-point / ambient 
atmosphere -5 degrees C or less ] is 1/2 or less [ 7 micrometers - ] glass substrate. A brittleness index value 
underwater [ above-mentioned ] is 1/2 or less [ 8 micrometers - ] still more preferably 1/2 or less [ 9 
micrometers - ] more preferably 1/2 or less [ 10.5 micrometers -]. and the brittleness index value in the 
ambient atmosphere of the -5 degrees C or less of the above-mentioned dew-points is 1/2 or less [ 4 
micrometers - ] still more preferably 1/2 or less [ 5 micrometers - ] more preferably 1/2 or less [ 6 
micrometers - ]. This glass substrate HI is equipped with the property of both said glass substrates I and II. and 
even if it uses it for the bottom of what kind of environment or handles, destruction cannot take place easily. 
[0013] ["a journal OBU JI American chemical society (J. Am.Chem.Soc.)" which adopts the brittleness index 
value B proposed by B.R.Lawn and others as a brittleness index value of said glass substrate in this invention - 
- the 62nd volume, and the 347th - 350-page (1979)]. Here, the brittleness index value B is defined from the 
Vickers hardness value Hv and the fracture toughness value Kc of glass to formula B=Hv/Kc. 
[0014] The Vickers hardness value Hv and the fracture toughness value Kc of glass can do ** measured by the 
approach of stuffing the sharp diamond indenter of a Vickers hardness meter into glass. That is. the degree of 
hardness of glass is called for by the degree type from the magnitude of the indentation of the indenter which 
remains on the surface of glass, when the Vickers indenter is pushed in. 
[0015] 
[Equation 1] 

Hv = 1,8544 X -At 

[0016] Here. P is the pushing load of the Vickers indenter and a is the diagonal line length of the Vickers 
indentation. On the other hand, the fracture toughness Kc of glass is searched for by the degree type from the 
magnitude of the indentation of the indenter which remains on the surface of glass, and the die length of the 
crack generated from the corner of an indentation, when the Vickers indenter is pushed in. 
[0017] 
[Equation 2] 

Kc = 0.026 



i I 

3 



[0018] Here. E is the Young's modulus of glass, and the die length of the crack which generates C from the 
corner of an indentation. The requirement for calculating Kc correctly is that a C/a ratio becomes large 2.5 or 
more. 

[0019] the approach shown in JP.10-158028,A which indicates this example of a comparison in this invention in 
order to compare with the below-mentioned example of a comparison although the brittleness index value B of 
glass was computed by Hv and Kc which were calculated above to B=Hv/Kc — namely [0020] 
[Equation 3] 

5 = 2,39x1 — I'p^ 



[0021] The value which was boiled and was computed more is adopted. 

[0022] Since most differences with the value of the brittleness evaluated by the value and Hv/Kc equation of 
the brittleness using the formula shown in JP.10-158028.A are 5% or less, even if it uses the equation shown in 
JP,10-158028,A, it can evaluate correctly. The formula shown in JP,10-158028,A in fact used Lawn's and 
others Hv/Kc formula as the base, and was drawn, and its fundamental concept is the same. 
[0023] An underwater brittleness index value drops the waterdrop of pure water on a sample front face, after 
30 seconds, pushes in the Vickers indenter from on the waterdrop. and introduces an indentation and a crack. 
After that, it is immersed into pure water, a sample is taken out 24 hours after immediately, water is wiped off, 
and it is the value which measured and computed the magnitude of an indentation and a crack immediately. 
Moreover, while a brittleness index value [ in / in a dew-point / an ambient atmosphere -5 degrees C or less ] 
measures the dew-point of the sample circumference under desiccation nitrogen-gas-atmosphere mind and 
checks that this dew-point is -5 degrees C or less, the Vickers indenter is pushed in and an indentation and a 
crack are introduced, and it is the value computed by having measured those magnitude. 
[0024] Since it has the above brittleness index values, when a blemish cannot be attached easily, since a 
chemical strengthening equivalent to conventional glass is also possible, the glass substrates I. II. and III for 
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information record media of this invention can decrease breakage in use sharply as the breakage in a production 
process, and a product. 

[0025] As such glass substrate I-ID, it is mol% as a glass presentation. While more SiO(s)2, and B-2s 03 and/or 
aluminum 203 than 65% are included with the total quantity 0 - 20% (at least one sort as which R is chosen 
from Mg, calcium, Zn, Sr, and Ba) of RO(s), What the sum total content of the above-mentioned component 
becomes from the glass which is 95% or more can be mentioned including R'20(at least one sort as which R* is 
chosen from Li. Na. and K) 0 - 28%. Ti02 0-10%. and Zr02 0-10%. 

[0026] this glass presentation — setting — the sum total content of Si02. and B-2 03 and/or aluminum 203 - 

- desirable — 65-mol % — many — less than [ 90 mol % ] — more — desirable — 70-90-mol % — it is the 70- 
85-mol range of % still more preferably, moreover, the content of Si02 — desirable — 40-75-mol % — more — 
desirable — 50-70-mol % — it is — the content of aluminum 203 — desirable — 0-25-mo! % — more — 
desirable — 1-20-mol % — it is 2-15-mol % still more preferably, the content of B-2 03 — desirable — 0-25- 
mol % — more — desirable — 1-25-mol % — it is 2-20-mol % still more preferably, said content of RO — 
desirable — less than [15 mol % ] — it is less than [12 mol % ] more preferably, moreover, the content of MgO 

- desirable — less than [15 mol % ] — more — desirable — less than [12 mol % ] — it is — the content of 
CaO — desirable — less than [ 10 mol % ] — it is less than [ 8 mol % ] more preferably, the content of ZnO — 
desirable — less than [ 10 mol % ] — more — desirable — less than [ 8 mol % ] — it is — the content of SrO - 

- desirable — less than [10 mol % ] — it is less than [ 8 mol % ] more preferably, the content of BaO — 
desirable — less than [ 10 mol % ] — it is less than [ 5 mol % ] more preferably. As this RO, MgO is desirable. 
[0027] the content of R'20 — desirable — less than [ 25 mol % ] — it is 10-25-mol % more preferably, 
moreover, the content of Li20 — desirable — less than [ 20 mol % ] — more — desirable — less than [ 18 mol 
% ] — further — desirable — 5-15-mol % — it is — the content of Na20 — desirable — less than [ 20 mol % ] 

- more — desirable — less than [15 mol % ] — it is 1-10-mol % still more preferably, the content of K20 — 
desirable — less than [ 15 mol % ] — more — desirable — less than [ 10 mol % ] — it is 0-8-mol % still more 
preferably, moreover, Si02 and B— 2s 03 and aluminum2 — the sum total content of 03, RO, and R*20 — 
desirable — more than 85 mol % — more — desirable — more than 90 mol % — it is more than 95 mol % still 
more preferably. 

[0028] furthermore, the content of Ti02 — desirable — 0-7-mol % — more — desirable — 0-5-mol % — it is - 

- the content of Zr02 — desirable — 0-8-mol % — it is 0-6-mol % more preferably, moreover, Si02 and B-2s 
03 and aluminum2 — the sum total content of 03. RO, R'20, and Ti02 and Zr02 — desirable — more than 95 
mol % — it is more than 98 mol % more preferably. Furthermore, the mole ratio (B-2s 03/aluminum 203) of B- 
2s aluminum [ 03 and ] 203 has the desirable range of 0.5-1.5. and it is the range of 0.8-1.2 more preferably. 
[0029] As a combination of the above component, it is mol%, for example and is Si02. 40 - 75%, B-203 1-20% 
(however, the sum total content of Si02 and B-2s aluminum [ 03 and ] 203 exceeds 65%.) 1 - 25%, aluminum 
203 MgO 0-10% (however, the sum total content of MgO, CaO and ZnO, and SrO and BaO is less than 20%.) 0 - 
15%. ZnO 0-10%. CaO 0-10%. SrO 0-10%, BaO Li20 0 - 20%. Na20 0 - 20%. K20 0- 15% (However, the sum 
total content of Li20. Na20. and K20 is less than 28%.) Ti02 0-10%. and Zr02 glass ****** whose sum total 
content of the above-mentioned component is 95% or more, including 0-10% — things are made. 

[0030] Si02 is a principal component which forms the network structure of glass, less than [ 40 mol % ], the 
endurance of glass gets worse and glass becomes easy to devitrify the content. On the other hand, if 75-mol % 
is exceeded, elevated-temperature viscosity will become high and glass will stop being able to melt easily. 
Therefore, the content of Si02 has the desirable 40-75-mol range of %, and its the 50-70-mol range of % is 
especially desirable. 

[0031] B-2 03 is the important component of this invention. If B-2 03 is introduced instead of Si02, when the 
brittleness of glass will fall sharply and will become low [ specific gravity ], elevated-temperature viscosity also 
falls and the solubility of glass is improved greatly. However, when the amount of installation increases 
exceeding 25-mol %. the endurance of glass gets worse, and since it becomes easy to carry out phase splitting, 
there is a case where it becomes impossible to make good glass. On the other hand, since brittleness gets 
worse [ the amount of installation ] less than [ 1 mol % ] and elevated-temperature viscosity also becomes high, 
there is a possibility that fertilization of low cost may become impossible. Therefore, 1-25-mol% of the content 
of B-2 03 is desirable, and its the 2-20-mol range of % is especially desirable. 

[0032] aluminum 203 is very important also as a component which raises whenever [ stabilization / of glass 
structure /. and its rigidity ] with Si02 also as a component which contributes thermal resistance, and 
endurance and low brittleness to glass. However, if the effectiveness that the content stops the elution of the 
alkali from glass less than [ 1 mol % ] is small, it is hard to make glass with sufficient endurance and it 
introduces exceeding 20-mol %. since the elevated-temperature melting nature of glass will get worse, the 
content has the desirable 1-20-mol range of %, and it is the 2-15-mol range of % more preferably. 
[0033] MgO, CaO, ZnO. SrO. and BaO are the components introduced in order to lower the viscosity at the 
time of the dissolution of glass and to raise melting nature and mass-production nature. Since brittleness 
becomes [ a sum total content ] high more than at 20 mol %, there is an inclination for glass to become easy to 
get damaged and for specific gravity and devitrification temperature to also become high. Both soluble [ of 
glass ] and low brittle are taken into consideration. The content of MgO, CaO, ZnO, SrO, and BaO MgO — 0- 
15-mol % — desirable — 0-12-mol % and ZnO — 0-10-mol % — desirable — 0-8-mol % and CaO — 0-10-mol 
% — desirable — 0-8-mol % — SrO — 0-10-mol % — desirable — 0-8-mol % and BaO — 0-10-mol % — 
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desirable — the 0-5-mol range of % — it is — those sum total contents — desirable — less than [ 20 mol % ] 

— it is less than [15 mol % ] more preferably. 

[0034] Li20, Na20. and K20 are a very useful component which makes brittieness of glass low while they lower 
the viscosity at the time of the dissolution of glass and promote the dissolution. However, since chemical 
durability not only gets worse, but there is a possibility of eating a magnetic film away in order for alkali to 
deposit on a glass front face mostly when the amount of installation becomes 28% or more Li20 the content of 
Li20. Na20, and K20 0-20-mol %, desirable — 0-18-mol % and 200-20 mol [ of Na ] % — desirable — 0-15- 
mol %. and K 2O0-15-mol % — while considering as 0-10-mol % preferably — those sum total contents — 
desirable — less than [ 28 mol % ] — it holds down to less than [ 25 mol % ] more preferably. 
[0035] the sum total content of Si02 and B-2s aluminum [ 03 and ] 203 — desirable — 70-90-mol % — more 

— desirable — the 80-90-mol range of % — it is — the sum total content of RO and R'20 — desirable — 5- 
35-mol % — more — desirable — 10-30-mol % — further — desirable — 10-25-mol % — it is 10-22-mol % 
especially preferably. 

[0036] Zr02 and Ti02 are components introduced in order to raise the chemical durability of glass and to raise 
whenever [ rigid ]. If Zr02 and Ti02 are added on glass, the endurance of glass, an elastic modulus, and 
brittieness will be improved, but specific gravity increases rapidly, and if it introduces more mostly, the 
devitrification inclination of glass will become strong. [ little ] therefore, the content of Zr02 and Ti02 — 
respectively — 0-10-mol % — desirable — 0-7-mol % and 0-10-mol % — it is preferably restricted to 0-8- 
mol%. Moreover, the sum total content of the above-mentioned component is more than 95 mol %. 
[0037] Since the solubility of glass, clarity, a moldability. etc. are improved on this glass in addition to the 
above-mentioned component, on it, it is possible to introduce As 203, Sb203, and F, CI and S03 into less than 
[ 2 mol % ] in total. Moreover, since the endurance and the elastic modulus of glass are raised, other oxides, 
such as rare earth metal oxides, such as Y203 and La203, can be added at a rate not more than 5 mol %. 
[0038] Furthermore, it is Si02 at mol %. 55 - 75%, B-2 03 0 - 20%. 2031 - 20% (however, the sum total content 
of Si02 and B-2s aluminum [ 03 and ] 203 65% or more) of aluminum, MgO 0-15%. ZnO 0-10%. CaO 0-10%, 
0 - 10% of SrO(s). BaO 0 - 10% (however, the sum total content of MgO, CaO and ZnO, and SrO and BaO (the 
content of RO) 20% or less), Li20 0 - 20%, Na20 0 - 20%, K20 0 - 6% (~ however, the sum total content (R'20 
content) of Li20, Na20. and K20 — less than [ 28% ]) and Ti02 0- 10%, and Zr02 The sum total content of 
the above-mentioned component can also mention 95% or more of glass, including 0-10%. 
[0039] The glass substrate IV for information record media of this invention is Si02 at mol %. 40 - 75%, B-2 03 
and/or aluminum 203 The sum total content of Si02, B-2s aluminum [ 03 and ] 203, and R'20 consists of 
glass which is 90% or more, including 2 - 45%, and R'20(at least one sort as which R* is chosen from Li, Na, and 
K) 0 - 40%. 

[0040] this glass presentation — setting — the content of Si02 — 50-70-mol % — desirable — the content of 
B-2 03 — desirable — 0-25-mol % — more — desirable — 1-25-mol % — further — desirable ~ 2-20-mol % 

— it is — the content of aluminum 203 — desirable — 0-25-moi % — more — desirable — 1-20-mol % — it 
is 2-15-mol % still more preferably, the sum total content of Si02 and B-2s aluminum [ 03 and ] 203 — 
desirable — 65-90-mol % — more — desirable — 70-90-mol % — it is 70-85-mol % still more preferably, an 
R'20 content — desirable — 0-28-mol % (however, 0 is removed when RO is zero-mol %) — more — desirable 

— less than [ 25 mol % ] — it is 10-25-mol % still more preferably. It is 5-15-mol % still more preferably, the 
content of Li20 — desirable — less than [ 20 mol % ] — more — desirable — less than [18 mol % ] — the 
content of Na20 desirable — less than [ 20 mol % ] — more — desirable — less than [15 mol % ] — further — 
desirable — 1-10-mol % — it is — the content of K20 — desirable — less than [ 15 mol % ] — more — 
desirable — less than [ 10 mol % ] — it is 0-8-mol % still more preferably, furthermore, the content of RO — 
desirable — less than [ 15 mol % ] — it is less than [ 12 mol % ] more preferably, moreover, the content of MgO 

— desirable — less than [ 15 mol % ] — more — desirable — less than [ 12 mol % ] — it is — the content of 
CaO — desirable — less than [10 mol % ] — it is less than [ 8 mol % ] more preferably, the content of ZnO — 
desirable — less than [ 10 mol % ] — more — desirable — less than [ 8 mol % ] — it is — the content of SrO - 

— desirable — less than [ 10 mol % ] — it is less than [ 8 mol % ] more preferably, the content of BaO — 
desirable — less than [ 10 mol % ] — it is less than [ 5 mol % ] more preferably. Especially as RO. MgO is 
desirable. 

[0041] the sum total content of RO and R'20 ~ desirable — 5-35-mol % — more — desirable — 10-30-mol % 

— further — desirable — 10-25-mol % — it is 10-22-mol % especially preferably. Furthermore. Ti02 0-10-mol 
% can be included and the desirable content of Ti02 is 0-7-mol %. Moreover, Zr02 0-10-mol % can be included 
and Zr02 desirable content is 0-7-mol %. 

[0042] This glass substrate IV can make an underwater brittieness index value more preferably 1/2 or less [ 8 
micrometers - ] still more preferably 1/2 or less [ 9 micrometers - ] 1/2 or less [ 10,5 micrometers - ] 1/2 or 
less [12 micrometers - ]. Moreover, a dew-point can make more preferably the brittieness index value in an 
ambient atmosphere -5 degrees C or less still more preferably 1/2 or less [ 4 micrometers - ] 1/2 or less [ 5 
micrometers - ] 1/2 or less [ 6 micrometers - ] 1/2 or less [ 7 micrometers - ]. 

[0043] In glass substrate I-IV for information record media of this invention, 70 or more GPas of 75 or more 
GPas of Young's modulus can be more preferably set to 85 or more GPas. 

[0044] It is desirable to raise the Young's modulus of a glass substrate from from [ when carrying out high- 
speed rotation of the information record medium containing the glass substrate of thin meat and the glass 
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substrate concerned prevents deforming by resonance etc, ], For example, when rotating the diameter of 3.5 
inches and the magnetic disk produced using the glass substrate with a thickness of 0.635mm with which 
Young's modulus consists of glass of 70 or more GPas by lOOOOrpm, the premature start height of the magnetic 
disk and the record reproducing head concerned can be secured to stability in general by 1 micrometer or less. 
[0045] moreover, in a glass substrate with an underwater low brittleness index value, when Young's modulus is 
70 or more GPas further, the destruction at the time of handling the glass substrate in the condition of having 
wetted the glass substrate wet in the condition of having flooded with polish liquid, by grinding, the crack at the 
time of grinding, polish liquid, or the penetrant remover is markedly alike, and stops being able to happen easily 
[0046] Furthermore, in a glass substrate with the low brittleness index value underwater and/or in a desiccation 
ambient atmosphere, since a glass substrate cannot bend easily due to rotation or a load when Young's modulus 
is 70 or more GPas further, the destruction at the time of especially an information record medium carrying out 
high-speed rotation stops being able to happen further easily at the time of polish processing of a glass 
substrate and information record-medium use. 

[0047] Moreover, in glass substrate I-IV of this invention, 20 or more GPas of 25 or more GPas of rigidity can 
be more preferably set to 30 or more GPas. 

[0048] It is desirable to raise the rigidity of a glass substrate from from [ when carrying out high-speed rotation 
of the information record medium containing the glass substrate of thin meat and the glass substrate concerned 
prevents deforming by resonance etc. ]. For example, when rigidity rotates the diameter of 3.5 inches and the 
magnetic disk produced using the glass substrate with a thickness of 0.635mm which consists of glass of 20 or 
more GPas by lOOOOrpm, the premature start height of the magnetic disk and the record reproducing head 
concerned can be secured to stability in general by 1 micrometer or less. 

[0049] moreover, in a glass substrate with an underwater low brittleness index value, when rigidity is 20 or more 
GPas further, the destruction at the time of handling the glass substrate in the condition of having wetted the 
glass substrate wet in the condition of having flooded with polish liquid, by grinding, the crack at the time of 
grinding, polish liquid, or the penetrant remover is markedly alike, and stops being able to happen easily 
[0050] Furthermore, in a glass substrate with the low brittleness index value underwater and/or in a desiccation 
ambient atmosphere, since a glass substrate cannot bend easily due to rotation or a load when rigidity is 20 or 
more GPas further, the destruction at the time of especially an information record medium carrying out high- 
speed rotation stops being able to happen further easily at the time of polish processing of a glass substrate 
and information record-medium use. 

[0051] Moreover, in glass substrate I-IV of this invention, a specific Young's modulus (value which **(ed) 
Young s modulus by the consistency) is 27x106 or more N-m/kg. This specific Young's modulus can set the 
deflection at the time of high-speed rotation of an information record medium to 2 micrometers or less, and can 
secure and carry out the thing of the premature start height to stability in 1 micrometer or less as that result 
at 27x106 or more N-m/kg. Moreover, in a glass substrate with a small brittleness index value, destruction 
stops being able to happen further easily due to there being few deflections at the time of high-speed rotation. 
As for this specific Young's modulus, it is more desirable that they are 30x106 or more N-m/kg. 
[0052] Moreover, In glass substrate I-IV of this invention, a consistency can also be preferably made into three 
or less 2.50 g/cm three or less 2.65 g/cm. Furthermore, in glass substrate I-IV of this invention, they are 1/2 
or more 0.83 MPa/m more preferably 1/2 or more 0.80 MPa/m 1/2 or more 0.75 MPa/m about a fracture 
toughness value. The destruction [ be / fracture toughness values / 1/2 or more 0.75 MPa/m ] at the time of 
glass substrate processing and use of an information record medium stops being able to happen easily. 
[0053] In glass substrate I-IV for information record media of this invention, what viscosity becomes from the 
glass which has the field which is 1 or more Pa-s is desirable in the temperature field beyond liquid phase 
temperature. 

[0054] In order to obtain the glass substrate for information record media, it is necessary to make it not 
devitrify substantially by the production process, and to perform the dissolution of a raw material and supply to 
the die of dissolved glass at least for that purpose above liquid phase temperature. For this reason, it is 
desirable to make liquid phase temperature of ingredient glass into 1350 degrees C or less in glass substrate I- 
IV of this invention, it is more desirable that it is 1250 degrees C or less, and it is desirable that it is especially 
1 1 50 degrees 0 or less. 

[0055] Here, it becomes difficult to obtain the flat glass substrate for information record media with thin meat 
by about [ that control of the flow rate of melting glass becomes it difficult that the viscosity at the time of 
supplying melting glass to a die is less than 1 Pa-s ] and press forming. In addition, as for glass substrate I-IV 
of this invention, what consists of glass which has the field whose viscosity is 3 or more Pa-s in the 
temperature field beyond liquid phase temperature is more desirable. 

[0056] The transition point of ingredient glass can be made into 470-640 degrees G In glass substrate I-IV of 
this invention. If a glass transition point is too high, the temperature field which can carry out press forming will 
become narrow, it is hard coming to carry out press forming of the glass substrate of thin meat and after 
[ which will, on the other hand, form magnetic films such as a record layer, in a glass substrate if a glass 
transition point is too low ] forming in the case, the range of the heat-treatment temperature performed for the 
purpose, such as improvement in magnetic properties, becomes narrow. The range of the desirable transition 
point is 470-620 degrees C. 

[0057] In glass substrate I-IV for information record media of this invention, what a coefficient of thermal 
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expansion becomes from the glass which is more than 60x10-7/degree C in the temperature of 100-300 
degrees C is desirable. In case information is recorded on information record media, such as a magnetic disk, an 
optical disk, and a magneto-optic disk, or in case the information currently recorded on the information record 
medium concerned is reproduced, the information record medium concerned rotates, after having been fixed to 
the spindle of the drive motor prepared in the information processor by the clamp, but if the coefficient of 
thermal expansion of an information record medium differs from the coefficient of thermal expansion of the 
aforementioned clamp remarkably in this case, the following problems will arise. 

[0058] Namely, although temperature, such as an information record medium, a spindle, and a clamp, carries out 
a temperature up rapidly to about 90 degrees C by generation of heat of a drive motor etc. in case an 
information record medium is rotated If the coefficient of thermal expansion of an information record medium 
differs from the coefficient of thermal expansion of the aforementioned clamp remarkably Slack arises between 
an information record medium and a clamp according to the aforementioned temperature up. or distortion and 
bending arise in an information record medium, and the location of the data-logging part (truck) in an 
information record medium changes as the result, and it becomes easy to produce an error in informational 
record or playback. Such a problem turns into a problem with a big substrate like 3.5 inches especially. 
[0059] Therefore, as for the coefficient of thermal expansion of glass substrate I-IV of this invention, it is 
desirable to resemble the coefficient of thermal expansion of the aforementioned clamp as much as possible, 
since the aforementioned clamp is generally produced with the stainless alloy, the coefficient of thermal 
expansion in 100-300 degrees C of glass substrate I-IV of this invention is more than 60x10-7/degree C — 
desirable — more — desirable — more than 70x1 0-7/d agree C — further — desirable — 70x1 0-7/degree-C - 
120x10-7/degree C — it is 80x1 0-7/degree-C - 100x10-7/degree C especially preferably. 
[0060] Glass substrate HV for information record media of this invention may not have the chemical- 
strengthening layer, by request may perform well-known chemical-strengthening processing, and may prepare a 
chemical-strengthening layer. When performing chemical-strengthening processing, it is good to choose the 
presentation suitable for chemical-strengthening processing from the range of the above-mentioned glass 
presentation. 

[0061] Chemical-strengthening processing can be performed by the ion-exchange method. This ion-exchange 
method is performed using the fused salt containing Na ion and K ion. and chemically strengthened glass is 
obtained. Although it is desirable as processing fused salt containing Na ion and K ion to use a sodium nitrate, a 
potassium nitrate, and its mixed fused salt, it is not limited to a nitrate and a sulfate, a bisulfate, a carbonate, a 
halogenide. etc. may be used. As mentioned above, since the glass used by this invention has low brittleness' 
quantity fracture toughness and flexural strength also becomes high according to the ion exchange, the 
obtained chemically strengthened glass has the outstanding destructive resistance. 

[0062] As the manufacture approach of the glass substrate for information record media of this invention, there 
is especially no limit and it can use various kinds of approaches. For example, the raw materials for glass of 
elevated-temperature scorification, I.e.. a predetermined rate, are dissolved in the inside of air, or an inert gas 
ambient atmosphere, bubbling, stirring, etc. perform homogenizing of glass, it is fabricated by sheet glass with 
the pressing method, the well-known down draw method, and a well-known float glass process, circular 
processing and heart omission, inside-and-outside periphery processing, grinding, polish, etc. are given after 
that, and it considers as the substrate for information record media of desired size and a configuration. In 
addition, by polish, surface precision can be made into the range of 0.1-0.6nm by performing polishing 
processing by abrasives, such as lap INGU and cerium oxide, with abrasives or a diamond pellet. 
[0063] On glass substrate I-IV for information record media of above-mentioned this invention, the magnetic 
information record medium of this invention has a magnetic-recording layer at least, and can mention the 
configuration which prepared the substrate layer, the magnetic-recording layer, the protective layer, and the 
lubricating layer one by one on said glass substrate as a configuration of this magnetic information record 
medium, for example. 

[0064] Here, as a magnetic-recording layer, a Co-Cr system, a Co-Cr-Pt system, a Co-nickel-Cr system, a 
Co-nickel-Pt system, a Co-nickel-Cr-Pt system, a Co-Cr-Ta system, etc. can be used, for example. As a 
substrate layer, nickel layer, a nickel-P layer. Cr layer, etc. can be used, for example, the carbon film etc. can 
be used as a protective layer, for example, and lubricant, such as a perfluoro polyether system, can be used as 
a lubricating layer, for example. 



[Translation done.] 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Next although an example explains this invention to a detail further, this invention is not limited at all 
by these examples. 

[0066] In addition, the physical properties of the glass obtained in each example were measured according to 
the approach shown below. 

(1) The sample with a Young s modulus of 20x20xl00mm was produced, and after measuring the longitudinal- 
wave rate (VI) and transverse-wave rate (Vs) at the time of a 5MHz supersonic wave spreading the inside of 
the aforementioned sample using a SHINGUA round type acoustic-velocity measuring device (UVM-2 by the 
ultrasonic industrial company), it asked by the degree type. 
Young's modulus =(4G2-3 G-VI2 and rho)/(G-VI2andrho) 
G=Vs2andrhorho: The consistency of a sample (g/cm3) 

[0067] (2) It can ask for rigidity as G at the time of Youngs modulus measurement of the rigidity above (1). 

(3) After paying the liquid phase temperature sample to the container made from platinum and leaving it for 30 
minutes in a gradient temperature furnace, the existence of the crystal in the front face and the interior of a 
sample was observed using the optical microscope. And the minimum temperature in which a crystal does not 
deposit was made into liquid phase temperature. 

(4) A glass transition point (Tg), a surrendering point (Td) 

About the 5mm phix20mm sample, it measured using the Rigaku apparatus for thermomechanical analysis 
(TMA8140) with +4-degree-C programming rate for /. In addition, Si02 was used as a standard sample. 
[0068] (5) The average coefficient of thermal expansion in the coefficient of thermal expansion of 100-300 
degrees C was meant and it measured together at the time of measurement of a glass transition point. 
(6) it was shown all over Table 1 - 15 to the sample which processed tabular [ of 2mm thickness ] using the 
micro hardness tester (MVK-E) of a brittleness index value Akashi factory — it pushed in, the Vickers indenter 
was pushed in by the load, and the indentation and the crack were introduced into the sample. 
[0069] When making it a value from which a probability becomes 60 or more measures an exact brittleness 
index value, Vickers hardness, fracture toughness, etc.. it is desirable, and a pushing load has a more desirable 
value which becomes 70 or more, and is desirable to high-priced [ which become 80 or more ]. When the 
diagonal line length a and the Vickers indenter of the measured Vickers indentation were pushed in, die-length 
C of the crack generated from the corner of the Vickers indentation produced on a sample front face was 
measured. From the above measured value, Vickers hardness Hv, fracture toughness Kc. and the brittleness 
index value B were calculated using said formula (1) - (3). 

[0070] In addition, in order to search for the underwater brittleness index value B, Vickers hardness Hv, 
fracture toughness Kc, etc., pure waterdrop is dropped on a sample front face, after 30 seconds, the Vickers 
indenter is stuffed into a sample from on the waterdrop. and an indentation and a crack are introduced. 
[0071] Moreover, in order for a dew-point to search for the brittleness index value B in an ambient atmosphere 
-5 degrees C or less. Vickers hardness Hv. fracture toughness Kc, etc., under desiccation nitrogen-gas- 
atmosphere mind, checking that the dew-point of the sample circumference is -5 degrees 0 or less, the 
Vickers indenter is stuffed into a sample and an indentation and a crack are introduced. In addition, the 
probability in Table 1 - 14 is the probability of occurrence per each top-most vertices of the crack produced 
from each four top-most vertices of an indentation. 

[0072] It is a start raw material so that the glass of the presentation shown in one to example 81 Table 1-14 
may be obtained. Si02, aluminum 203. aluminum(0H)3, B-2s 03, HB03. and MgO, Mg (OH)2, MgG03, CaC03, 
SrC03, BaC03, ZnO, 300-1 500g weighing capacity was carried out using Li2C03, Na2C03, K2C03, Ti02. Zr02. 
etc., and it fully mixed, and accomplished with the preparation batch, this was put into platinum crucible, and 
glass was dissolved at the temperature of 1400-1600 degrees 0 for about 3 to 8 hours in air. After melting, 
after cooling glass melt radiationally to the transition point temperature of a sink and glass to 40x40x20mm 
carbon metal mold, putting into the annealing furnace immediately and holding for 1 hour, it cooled radiationally 
to the room temperature in the furnace. A crystal to the extent that the obtained glass is observable under a 
microscope did not deposit. Thus, the obtained glass was processed, the sample for each physical-properties 
evaluation was produced, and physical-properties evaluation was performed. The result is shown in Table 1 - 
14. 

[0073] 
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67 


56 


5d 


66 


79 


67 




2.373 


2.490 


2.522 


2.472 


2.478 


2.547 


-^'V^f* E[GPa] 


65.2S 


80 


8T.4 


75.52 


72.71 


87.97 






25^6 


— 


- 


30.21 


28.30 


35.T9 






1000 


1O00 


1000 


1000 


1000 


1000 






11.0 


9.4 


10.6 


7.7 


8.2 


9.6 






4.6 


5.3 


5.8 


1 




6.1 






0.46 


0.61 


0.66 


0.73 


0.6B 


0.64 






100 


100 


100 


100 


100 


100 






fooo 


1000 


1000 


1000 


1000 


1000 






6.0 


5il 


8.1 


6.0 


5.6 


5.9 


SI 


tf V*— Xftift Hv [GPe] 








6.6 


5.1 


6.1 


N2 


R^arait Kc [MPa/m*^] 








0.93 


0.S8 


1.06 












100 


40 


100 



[0074] 
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m 2. 



sg « w 







7 


8 


9 


10 


1 1 


1 2. 




Si02 




50.0 


50.0 


50.0 


50.0 


52.4 




B203 


20.0 


10.0 


10D 


10.0 


20S) 


23.8 




AI203 


10.0 


10.0 


10X 


12.0 


12.0 


9.5 




MrO 


10.0 


10.0 


10.0 


8.0 


8.Q 


0.0 




CaO 


5.0 


10.0 


10.0 


20.0 


OJQ 


0.0 




ZnO 
















RO 


15.0 


20.0 


20.0 


28.0 


8.0 


0.0 




UZO 


0.0 


0.0 


5.0 




0.0 


0.0 




Na20 


5.0 




K n 
O.Q 




5.0 


4.8 


m 


K20 


5.0 


5.0 


0.0 


0.0 


5.0 






R'20 


10.0 


10.0 


lOi) 


0.0 


10.0 


14.3 


TI02 
















Zr02 
















Si02-^B203+AI203 


75.0 


70i) 


70.0 


72.0 


82.0 


85.7 




B203/AI2O3 


2.0 


1.0 




0.8 


1.7 


2.5 






25.0 


30.0 


30.0 


Z8.0 


18.0 


J 4.3 




Si024e203+At203fRCHR!'20 


100.0 


100.0 


100JO 


100.0 


100.0 


IOOjO 




Si 01*B20^*MZO^n*20 


85j0 


30.0 


80.0 


72.0 


92.0 


100.0 




Si02-i-B203i'AI203t-RO 


100.0 


100.0 


100.0 










+R'20+Tl02+2>02 


100.0 


100.0 


100.0 






100.0 


100.0 


100.O 


100.0 


100.0 


100.0 




548 


595 


541 


676 


543 


478 




626 


S76 


596 


733 


614 


551 




77 


87 


71 


52 


70 


fl9 
a& 


I^S Ce/cm*) 


2^24 


2.518 


2.540 


2.588 


2.338 


2.292 


^PV^* ECGPa] 


60.82 


76.62 


88^3 


86.1 


61.54 


53.42 




Mt^^EG [GPa] 


27.79 


31.13 


35.74 




24.84 


21.63 






1000 


1000 


1000 


1000 


1000 


1000 






BJB 


9.3 


9.7 


9.6 


5.7 


64 




t?V*— Hv [QPa] 


R 1 


5.5 


5.7 


5.9 


4.5 


4.2 




IKQintt Kc DMPa/m'^l 


0.78 


0.61 


0.83 


0.64 


0.85 


0.67 






85 


100 


100 


100 


95 


100 






5980 


1000 


1000 


1000 


6952 


5980 




fife^ffiffttB [//m-'^l 


4.5 


5.9 


6.1 


5.4 


3.4 


3.4 


Si 


fcf-y^-XWffiHvCGPa] 


4.9 


5^ 


6.1 


6.7 


4.4 


4.2 


N2 


a«45Btt Kc rMPa/m^'*] 


1.17 


0.96 


1.03 


1.12 


1.40 


1.31 






80 


100 


100 


85 


80 


40 



[0075] 
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4/17 ><— V 



m 3 











ft 












13 


14 


16 


10 


17 


18 




Si02 


55.0 


55.0 


55.0 


55.0 


60j0 


60.0 




B203 


10.0 


15.0 


20.0 


25.0 


10X) 


10.0 




AI203 


12J) 


10.0 


10^ 


10.0 


2.5 


5.0 




MsO 


8.0 


10.0 


5.0 


0.0 


10.0 


10.0 




CaO 


5X) 


0.0 


0.0 


0.0 


0.0 


0.0 




ZnO 


— 


— 


— 


— 


0.0 


0.0 




RO 


13.0 


10.0 


5.0 


0.0 


10.0 


10.0 


U20 


0.0 


0.0 


OJO 


0.0 


0.0 


0.0 




N«20 


5.0 


5.0 


5.0 


5.0 


12.5 


10.0 




K20 


5J0 


5.0 


5.0 


5.0 


5.0 


<1 fl 

v.U 




R'20 


fO.O 


10.0 


10.0 


10.0 


17.5 


15.0 


TI02 


— 


— 




— 


0.0 


0.0 




Zr02 
















5i02'i-B203^A12O3 


77.0 


80.0 


85.0 


90.0 


7Z5 


75,0 




B203/A1203 


0.8 


1.5 


2.0 


2.5 


4.0 


2j0 




RCH-R'20 


23.0 


20.0 


15.0 


10.0 


27 5 






SiO24e203+AI2O3«RO+ir20 


1O0.0 


100.0 


100.0 


100.0 


100X 


— 

100.0 




Si 024-B203+AI203+R-20 


87.0 


90.0 


95.0 


100.0 


90.0 


BOJO 




SiO2+B2O3^A(2a3+R0 
+R'2O+Ti02^-ZrO2 


100.0 


100.0 


100J1 


100.0 


100.0 


100.0 




^ if 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




606 


568 


522 


472 


536 


541 




678 


659 


612 


658 


585 


606 




70 


73 


66 


71 


99 


87 




2.439 


2.365 


2.307 


2.238 


2.470 


2.442 




72JJ7 


65.21 


58.72 


49.65 


73.94 


72.54 




mit^Q [GPa] 


29.43 


26.60 


23.83 


20X2 


30.32 


28.74 






1000 


1000 


1000 


1000 


1000 


1O00 






6.7 


B.9 




5.4 


9.7 


6.3 


Tic* 


IfV*— X«JR Hv CQPaJ 


BH 


4.8 


AA 


3.9 


5.1 


5.1 






OflO 


0^6 


0.81 


0.78 


0.56 


u.o/ 






95 


100 


100 


100 


100 


100 






6952 


5980 


5980 


5980 


5980 


5960 






4.4 


3.6 


3.6 


3.1 


4.9 


4.4 




kf^^^wm Hv CQp«] 


5.0 


4.7 


4.4 


3.9 


5.2 


5.3 


N2 






1.41 


1.33 


1.36 


1.12 


1.23 






100 


100 


100 


60 


100 


80 



[0076] 
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m 4 







9S Sfi 09 






IS 


20 


2T 






OA 




SIOZ 


60.0 


60.0 


60.0 


50.0 


Ann 

www 


dd.d 




B203 


10.0 


to.o 


10.0 


10.0 




inn 




AI203 


7J5 


10X) 


10.0 


10.0 


1 0D 


1 9 A 
1 A.U 




IMsO 


10i> 


5.0 


10.0 


5.0 


7.5 


ft 0 




CaO 


0.0 


5.0 


0.0 


0.0 


0.0 


0.0 




ZnD 


0.0 






5.0 


0.0 






RO 


10.0 


10.0 


10.0 


10.0 


7.5 


8.0 


U20 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




Na20 


7.5 


5.0 


5.0 


5.0 


6.0 


5.0 


JiE 


K20 


5JD 


5.0 






5.0 


5.0 




R'20 


12.5 


10.0 


10.0 


10 J) 


10.0 


10.0 


Ti02 


OJ} 






0.0 


2.5 






Zr02 


Oi) 


— 


— 


0.0 


0.0 






SiO2^B203+AI2O3 




80.0 


80.0 


B0.0 


80X) 


82.0 




B203/AI203 


1.3 


1.0 


1.0 


1 jO 


1 fl 

• •V 


n ft 




R0+R*20 


22.5 


20.0 


ZOJO 


20.0 


17.5 


18.0 




Si02W03«-AI203HIO+R:20 


100 JO 


100.0 


100.0 


100.0 


97.5 


100.0 




SI02+B2O34^A(2O3+R'20 


90.0 


90.0 


90.0 


90X) 


90.0 


92.0 




Si02-^2034-A1203+RO 
+«'20+Ti02+Zr02 


100.0 


100.0 


ton JO 


100.0 


100.0 


100.0 




# if 


100.0 


100.0 


IOOjO 


100.0 


lOOi) 


100.0 




504 


595 


583 


567 


566 


698 


aif(jd[Td[«c] 


ai9 


676 


686 


672 




ft HIS 




85 




77 


/Z 


77 


66 




2.409 


2.419 


2.382 






4 4il 

2.347 


■H!'>5^* EFGPal 


6d.70 


70.63 


67.26 


66.38 




QZ-UU 






2a^4 


20.05 


27.61 


27.17 


27.09 








1000 


100Q 


1000 


1000 


1000 


10OO 






6.5 


6.6 


6.1 


5.9 


5.4 


6.0 




XfiS Hv fQP*! 


5.0 


5.3 


511 


4.9 


4.8 


5.1 




raUtt Kc CMPa/m>^^ 


0.S2 


0.83 


0.85 


0.87 


0.95 


0.83 






100 


100 


100 


95 


100 


95 






5960 


5930 


5980 


5980 


5980 


5980 






4.2 


4.5 


4.0 


3.9 


3.8 


4.9 




e^r*— XWflC Hv [QPa] 


5.0 


5^ 


5.0 


4.9 


4.8 


4.9 




nttlEett Kc TMPa/m'^'J 


1.27 


1.19 


1.29 


1.32 


1.34 


1.01 






60 


100 


100 


100 


80 


100 



[0077] 
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a 6 







9g M 






25 


26 


27 


28 


9Q 






SI02 


60.0 


60.0 


65.0 


65.0 


65.0 


65.0 




B203 


15.0 


20.0 


0.0 


5.0 


5.0 


5.0 






10.0 


10.0 


7.0 


2.5 


5.0 


5.0 






6.0 


0.0 


1.0 


10.0 


IOlO 


5.0 




CaO 


0.0 


0.0 


1.0 


0.0 


0.0 


5.0 










0.0 


0.0 


0.0 


0.0 






5.0 


0.0 


2.0 


10.0 


10.0 


10.0 


U20 


0.Q 


0.0 


10.0 


04) 


0.0 


0.0 




Na20 


5.0 


5.0 


10.5 


12.5 


10.0 


10.0 


K20 






2.5 


5.0 


5.0 


5.0 




R*20 


10.0 


10.0 


23.0 


17.5 


15.0 


15.0 


Ti02 






0.0 


0.0 


0.0 


0.0 




Zr02 


— 





3.0 


0.0 




0.0 




S102«e203+Al203 


85.0 


90.D 


72.0 


72.5 


754) 


75.0 




B203/A1203 


1.5 


2.0 


OJO 


9 n 




1 4) 




R0'H)'20 


15.0 


10.0 


25.0 


27.5 


25.0 


26.0 




Si02tB203«Al2O3iROfR:20 


100.0 


100.0 


97.0 


100.0 


100.0 


100.0 




Si024B203+Al203i'R'20 


d5ji 


100.0 


95.0 


80X1 


90.0 


on n 




SiO2-»B2O3t^Al2O3+R0 
+R'20+Ti02+Zr02 


100.0 


1 vu.v 


1 n 
1 UU.U 


100.0 


100.0 


100.0 






100.0 


100.0 


tOOvO 


1 An n 

■ UU.U 




100.0 


1004) 




540 


dim 




553 


558 


651 




62B 


583 


551 


612-7 
626.7 


634 


619 




119 


# 1 


98 


90 


85 


91 




2.326 


2.259 


2.536 


■9 Act 


2.440 


2.463 




61.15 


52.00 


82.25 


/•f .DO 


72.10 


74.95 


1 




24.51 




33.42 


30.35 




OA An 
tfU.Ol 






10OO 


1000 


1000 


100Q 


1000 


f 000 






6.3 


6.2 


9.5 


7-7 


7.6 


9.9 




tJ'y*— XWt Hv [QPa] 


4.8 


4.4 




5^ 


5.7 


5.4 




QBimii Ko [MPa/m"''] 


0.78 


0.72 




0.72 


0.73 


0.56 






100 


80 




100 


100 


100 






5980 


5980 


6980 


5980 


5960 


6980 






3.8 


3.2 


6.0 


5.8 


4.9 


5.6 




ey*— XBUI Hv TGPa] 


4.8 


4.1 


6.0 


5.6 


6.8 


5.4 


N2 


ttttMtt Kc CMPa/m'^1 


1.28 


1.36 


1.18 


0.97 


1.13 


0.99 






100 


80 


100 


100 


100 


100 
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a 6 











1^ j 


i ft 










31 


32 


33 


34 


35 


36 




Si02 


65.0 


65X 


65.0 


65.0 


65.0 


65.0 




B203 


SJD 


5.0 


S.0 


5.0 


5.0 


5.0 




A1203 


5.0 


5.0 


5.0 


5.0 


5.0 


5X1 




MeO 


S.0 


6.0 


5.0 


5.0 


5.0 


5.0 




CaO 


3.0 


3.0 


5.0 


5.0 


8.0 


5.0 




ZnO 
















RO 


6.0 


8.0 


10.0 


10.0 


10.0 


10.0 


m 


UZO 


2.0 


0.0 


2.0 


2.0 


ZM 


4.0 




Na20 


10D 


12.0 


11.0 


9.0 


7X1 


9.0 




K20 


5.0 


54) 


2.0 


A 0 
^.w 


A A 
Q.V 


2.U 




R'20 




17 J) 


15.0 


15.0 


ISjO 


15.0 




Ti02 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




Zr02 
















Si02+B203+AI203 


75J0 


76j0 


75.0 


75.0 


75J) 


75.0 




B203/AI203 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




RO-t-R'20 


25.0 








25.0 


25.0 




Si02tS203tAIZ03frROHl'20 


100.0 


100.0 


IOOjO 


lOOwO 


100.0 


100.0 




$t02^203^AJ2O3+R'2O 


92.0 


92.0 


00.0 


9041 


90 Jl 


90.0 




SiO24-B2O3-i>AI203»'R0 
♦R'20*'n02+ZrO2 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 






100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




Oil 


540 


524 


526 


523 


507 




561 


608 


588 


593 


595 


572 




02 


95 


83 


85 


67 


106 




2.473 


2.477 


2.465 


2.482 


2.477 


2.478 


•V>y* E[GPa] 


76.71 


74.00 


78.97 


78.28 


77,13 


80.71 


Wtt^G [GP«] 


31.62 


30.48 


32.50 


32.21 


31.74 


33.26 






1000 


1000 


1000 


1000 


1000 


1000 






9.9 


9.8 


9.8 


10.0 


10.6 


10X) 






5.8 


5.3 


5.7 


5.8 


5.8 


5.8 






0.58 


M.OO 




0.59 


0.55 


0.59 






100 


100 


100 


100 


100 


100 




ivuj&^m [en 


5980 


5980 


5980 


6980 


5980 


5980 




BII$ISettB[/lm-"^ 


5.0 


4.8 


5.4 


5.6 


5.5 


5.1 


& 


If ry*— X«a Hv [GP*] 


6.6 


5.1 


5.5 


5,7 


5.7 


5.6 


N2 




1.13 


1.14 


1.08 


1.04 


1.04 


1.15 






100 1 


100 


100 


100 


100 


100 1 
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m 7 











S 1 


»i 01 










37 


38 


39 


40 


41 


42 




$i02 


65.0 


65.0 


65.0 


65.0 


65.0 


65.0 




B203 


5^ 


5.0 


5.0 


5.0 


5.0 


6.0 




AI203 




5.0 


5.0 


5.0 


5.0 


5.0 




MgO 




Oil 


5.0 


5.0 


54) 


5.0 




CaO 


5j0 


5.0 


5.0 


5.0 


5.0 


5.0 




ZnO 












0.0 




RO 


10^ 


10.0 


10.0 


10.0 


10.0 


10.0 




uzo 


4.0 


4.0 


6.0 


6.0 


6.0 


8.0 






7.0 


5.0 


7.0 


5.0 


3.0 


5.0 


K20 


4.0 


S.O 


2.0 


4.0 


6.0 


2.0 




R'20 


15.0 


15.0 


15.0 


15.0 


15.0 


15.0 


TiOZ 


0.0 


0.0 


OJQ 


0.0 


0.0 


0.0 




Zr02 












n t\ 
D.U 




SiO2+B2O3+At203 


75.0 


76J) 


75.0 


75JQ 


75.0 


76.0 




B203/AI203 


IjO 


1.0 


1.0 


1.0 


1.0 


T.O 




R0+R'20 


25.0 


25.0 


25.0 


25.0 


25jO 






Si02^O3*Al2O34AC>Hr20 


T00.0 


100.0 


100.0 


100.0 


100.0 


100.0 




Si02-««Z034-AI2Oa4-R'2O 


90.0 


90.0 


90.0 


90.0 


OOi) 


90.0 




$iOM-B2O3+AIZO34-R0 
+R'20-**TI02+Zr02 


100.0 


100.0 


IOOjO 


100.0 


100.0 


100.0 






100.0 


100.0 


lOOjQ 


100.0 


100.0 


100.0 




510 


508 


500 


501 


501 


488 




579 


579 


566 


568 


571 


552 




85 


115 


78 


81 


80 


78 




2.474 


2.469 


2.470 


2.465 


2.460 


2.464 




70^1 


78.63 


82.37 


81.16 


79.50 


83.61 






32^8 


32.38 


33.93 


33.44 


32.76 


34.44 






1000 


1000 


1000 


1000 


1000 


1000 




BSffiaMBrifm^-"! 


iai 


10.6 


10.0 


9.9 


10.4 


9.9 




tf-y*— >C«S Hv £QPa] 


5.9 


5.8 


5.9 


5.9 


6.9 


6.1 




ASIBSit Kg [MPa/m<'"] 


0.58 


0.56 


0.60 




U.Of 








100 


100 


100 


100 


100 


100 




ttL2kJ^^X EkF] 


5980 


5980 


5980 


5980 


5980 


5980 




aft^««ttB[//m-"<] 


5.6 


5.1 


4.9 


6.0 


5.2 


4.7 


ft 


If Hv [GPa] 


5.7 


5.5 


5.6 


5.6 


5.6 


5.5 


N2 


mi9BttKc[MPa/fn"'] 


tJH 


1.13 


1.13 


1.17 


1.11 


1.25 






100 


100 


too 


100 


100 


100 
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I& «9 






43 


44 


45 


46 


47 


48 




SI02 


B5.0 


65.0 


66.0 


65.0 


65.0 


66.0 




B203 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 




AI203 


5.0 


5.0 


5.0 


5.0 


5.0 


7.0 




MgO 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 




C9O 


5.0 


5.0 


5.0 


0.0 


0.0 


3.0 




ZnO 


0.0 


0.0 


0.0 


0.0 


0.0 






on 


10.0 


10.0 


10.0 


5.0 


5.0 


8.0 


Li20 


8.0 


8.0 


0-0 


8.0 


2.0 


0.0 




Na20 


3.0 


1 .V 




10.0 


10.0 


10.0 




K20 


4.0 


6.0 


4.0 


2.0 


5JQ 


5.0 




R'20 


15X 


15.0 


15.0 


20.0 


17.0 


15.0 


Ti02 


0.0 


0.0 


n n 


u.u 


0.0 


0.0 




Zr02 


0.0 




OJO 


0.0 


3.0 






SiO2+B203+AI2O3 


75.0 


75.0 


75.0 


75.0 


75.0 


77.0 




B2O3/AI203 


1.0 


1.0 


1.0 


1.0 


1.0 


0.7 




R0+R'20 


25.0 


25.0 


26.0 


25.0 


22.0 


23.0 




SiO 2+B203*A1203+RO+ft20 


100.0 


100.0 


100.0 


100.0 


97.0 


f00.0 




SiO2+D203+AI203+R'20 


90.0 


90.0 


90.0 


95.0 


92.0 


92.0 




SiO2^2O3+Al203+R0 
+R'20+Ti02+ZrO2 


roo.o 


100.0 


100.0 


100.0 


1000 


100.0 






100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




4fi4 


604 


552 


474 


533 


536 


a«jft Tdra 


561 


577 


622 


536 


615 


598 


ttttMR orxio-'LA:] 


at 


73 


89 


91 


87 


122 


ttft [K/cffnl 


2.458 


2.446 


2.485 


2.449 


2.525 


2.462 


■Vi^if* E[QPa] 


82.10 


79.04 


75i7 


79.92 


77.29 


71.94 




mik^G [GPaj 


33.82 


32.64 


30.96 


32.46 


31.61 


29.58 






1000 


1000 


1000 


1000 


1000 


1000 






9.8 


9.9 


9.9 


9.5 


9.0 


8.5 




e:y*-X«|« Hv [GPa] 


K 9 
0.9 


0./ 








5.1 




VtttUVtt Kc [;MPa/m*'<] 


0.61 


0.59 


0.58 






0.63 






too 


100 


100 






100 






5980 


5980 


5980 


6980 


5880 


5980 






4.7 


4.8 


6.7 


4.6 


4.3 


5.1 


SI 


e*y*— Hv [GPal 


6.8 


5.4 


5.5 


5.6 


5.5 


5.2 


N2 


miBti Kc [MPa/m'^'] 


1^ 


1.19 


0.99 


1.27 


1.30 


1.06 






100 


100 


100 


100 


100 


100 
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49 


50 


SI 


9£ 


03 


54 


55 




Si02 


65.0 


65.0 


654) 


n 


CC A 
D9.4 


65.4 


65.4 




B203 


5.0 


5.0 


7.5 


inn 


n n 


U.O 


0,0 




At203 


7.5 


10.0 


2.5 


0.0 


ft R 

o.o 


tf.Q 


8.6 




MgO 


10.0 


10.0 


5.0 


6.0 


04) 


0.0 


0 0 




CaO 


0.0 


OJO 


5.0 


5.0 


04) 


0.0 


0.0 




ZnO 


0.0 


0.0 






0.0 


0.0 


0.0 




RO 


I0.O 


10 0 


Ifl n 


1U.O 


0.0 


0.0 


0.0 


Ifl 


Li20 


0.0 


o.o 


0.D 


0.0 


12.5 


7.5 


o.o 




Na20 


7.5 


6.0 


10.0 


10.0 


10.5 


10.5 


13.0 


K20 


5.0 


5.0 


6.0 


5.0 


0.0 


5.0 


10.0 




R'20 


12.5 


10.0 


15.0 


15.0 


23.0 


234) 


23.0 


T102 


0.0 


0.0 


OJD 


0,0 


0.0 


0.0 


0.0 




Zr02 










3.0 


3.0 


3 0 




SiO2-«203i>Al2O3 


77.5 


80.0 


75,0 


75.0 


74.0 


74.0 


74.0 




B203/AI20a 


0.7 


0.5 


3 0 




O.O 


0.0 


0.0 




R0+R'20 


22.5 


20.0 


254) 


25.0 


23.0 


23.0 


23.0 




St024B203fAI2O3H)O4fi*20 


100.0 


IOOjO 


100.0 


100.0 


97.0 


97.0 


97.0 




$i02-<'B203«AI203'»^R'20 


90.0 


80.0 


90.0 


90.0 


97.0 


97.0 


97.0 




SI02-i-B203^A1203+RO 
+H*20+Ti02+Zr02 


100.0 


TOOXI 


1OQ.0 


100.0 


100.0 


lOO-O 


100.0 






100X 


1004) 


100.0 


100.0 


100.0 


1004) 


100.0 




577 


631 


557 


559 


49B 


491 


534 




658 


752 


622 


623 


564 


^itu 

90a 


D^a 




76 


7n 
/u 


B7 


89 


89 


116 


113 




2.419 


2.399 


2.486 




^.o \ 1 


2.523 


2.537 


* E[GPa] 


71.46 


70.77 


76.1 0 


7ft A1 




tit 

79.70 


7UI 




Mt^^GCGPa] 


29.51 


29.49 


31.35 


32.37 


34,71 


32.82 


9a ^n 




ffUi&^^S [rF] 


1000 


1000 


1000 


1000 


1000 


1000 


1000 






8.4 


7.1 


10.4 


13.2 


7.8 


8.4 


7.9 




If 1^*— Hv [GPa] 


5.S 


5.1 


5.4 


5.9 


5.6 


5.7 


8.4 






0.96 


0.76 


0.54 


0.44 


0.77 


0.70 


0.69 






100 


100 


100 


100 


100 


100 


roo 






5980 


5980 


99B0 


5980 


5980 


5980 


5980 






5JS 


5.3 


4.0 


6.5 


4.3 


6.0 


5.2 




ify*— XWS Hv [OP.] 


5.6 


5.2 


6.2 


5.5 


5.4 


S.5 


4.9 


NZ 




1.05 


1X11 


1.13 


1.05 


T.37 


1.16 


1.02 






100 


100 


100 


100 


100 


100 


100 1 
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^ i 


16 01 










56 


57 


58 


59 


GO 


61 




Si02 




53.2 


57.0 


59.0 


59.0 


59.0 




BZ03 


lej) 


14.4 


9.5 


9.0 


9.5 


10.5 




AI203 


16.0 


14.4 


9.5 


9.0 


9.6 


10.5 




McO 


0.0 


0.0 


2.0 


3.0 


2.0 


0.0 




CaO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




ZnO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




RO 


0.D 


0.0 


2.0 


3.0 


2.0 


0.0 


IB 


Li20 


10.0 


10.0 


9.0 


10.0 


9.0 


10.0 




Na20 


8.0 


6.0 


9.0 


10.0 


9.0 


Si) 


K20 


2-0 


2J) 




n n 
u.u 


9 n 


5.0 




R* 20 


20.0 


1S.0 


20J) 


204) 


lOJO 


20.0 


Ti02 


OJQ 


0.0 


0.0 


0.0 


0.0 


0.0 




Zr02 


OD 




Z.U 


0.0 


0.0 


0.0 




Si02'f'B2a3-^AI203 


do.0 


82.0 


76.0 


77.0 


7BJ0 


60.0 




B203/At203 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




RCKR'20 


20 0 


ij) n 
1 a.u 


22.D 


23.0 


ZZJ} 


20.0 




SiC>24B203+Ai20dtRCHFr20 


100.0 


100.0 


98.0 


100.0 


loao 


100J1 






100.0 


100.0 


96.0 


97.0 


98.0 


100.0 




SfO2^B203-^AI203-HR0 
+R'2O+Ti02^ZrO2 


100.0 


100.0 


IOOjO 


100.0 


100.0 


100.0 




* «■ 


100.0 


100.0 


lOOi) 


100.0 


100.0 


100.0 




475 


4B3 


484 


483 


476 


473 


Httifi Td ra 


525 


539 


543 


534 


530 


529 


fi^AIMft ofxio-'CA:] 


90 


77 


89 


84 


87 


84 




2.382 


2.359 


2.492 


2.456 


2.444 


2-415 


EEGPa] 


72.62 


71.84 


81.35 


83-13 




/ /.OD 






20.16 


28.9€ 


32.96 


33.70 


32.73 


31.71 




»L5i-^WM [kFJ 


6852 


6962 


89B2 


6952 


6952 


6952 






3.5 


3.1 


3.0 


3.0 


3.7 


3.8 


ft 


ev*— A»a Hv [Qpj 


5.2 


5.0 


5.8 


5.8 


5.7 


6.6 


N2 




1.54 


1.71 


1.53 


1.57 


1.56 


1.51 






20 


60 


too 


100 


100 


80 
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K % « 






62 


63 


64 


WW 




O / 




Si02 


59.0 


60-0 




60.0 


60D 


Hi n 




B203 


10.9 


0-0 


5.0 


7.5 


9.0 


5.0 




AI203 


10.6 


15.0 


15.0 


7.5 


9.0 


1> n 
■ cu 




MgO 


0.0 


5J) 


0.0 


5.0 


0.0 


5X) 




CaO 


0.0 


OX 


0.0 


0.0 


ao 


0.0 




ZhO 


0.0 


OX) 


0.0 


0.0 


0.0 


0.0 




RO 


0.0 


5.0 


0.0 


5.0 


0.0 


5.0 




Li20 


lao 


9.0 


9.0 


10.0 


0.0 


10.0 




NaZO 


10.0 


9.0 


9.0 


5.0 


9.0 


5.0 


w 


0.0 


2 0 




K n 
o.u 


2.0 


2.0 




R'20 


zao 


20.0 


2D.0 


20.0 


20.0 


17.0 




Ti02 


OJ) 


0.0 


0.0 


00 


0.0 


0.0 




ZrOZ 


Oi) 


0.0 


0.0 


0.0 


2.0 


0.0 




SiO2*fi2034^AI203 


eo.o 


75.0 


80.0 


75.0 


78.0 


78.0 




B20d/Al203 


ii) 


0.0 


0.3 


1.0 


1.0 


0.4 






20.0 


25.0 


20.0 


25.0 


20.0 


22.0 




SiO2«2C»+AI2O3+R0+fr2O 


100.0 


lOOX) 


100.0 


100.0 


98.0 


100.0 




SiO2+B2O3+A)203+R'2O 


100.0 


96.0 


IQOi) 


95.0 


99.0 


95.0 




SIO2+B2D3^Ai203-i-R0 
♦«'20+TI0Z'i*ZrO2 


100.0 


100.0 


lOOD 


100.0 


100.0 


too.o 




^ i^ 


100.0 


100.0 


100.0 


100.0 


1O0.O 


100.0 




435 






464 


487 


495 


m^A Td ra 


536 


010 


KAA 




545 


554 


Sm^S^Sk arx10-^[/X] 


02 


93 


68 


at 


Of 


to 


ttft CE/Cfii'] 


2.420 


2.464 


2.428 


2.428 


2.48 


2.422 


•V>^* ECGPal 


ao.i3 


82.79 


78.75 


79.23 


81.53 


80.56 


PH1£^ G [GPa] 


32.05 


33.71 


32.05 


32.98 


33.22 


32.77 






6952 


6952 


B9S2 


6952 


6952 


6952 






3^ 


4.2 


4.1 


4.2 


3.9 


3.9 


SI 
N2 


evA— X«a Hv CGPa] 


5.6 


B.7 


5.4 


5.8 


5.8 


5.6 






1-05 






1.40 


1.50 








75 


60 


100 


60 


80 


100 
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S 12 







^ m m 






68 


69 


70 




"70 


73 




SI02 


61*0 


62.0 


63.0 


O1S.U 


Qd.D 


65X1 




B203 


9J5 


7.0 


7.5 


Cf.3 


a R 

B.D 


2.5 




AI203 


9^ 


7.0 


7.5 


8 5 


tS.3 


10.5 




MsO 


DX) 


2.0 


2.0 


0.0 


0.0 


5.0 




CoO 


OjO 




0.0 


0.0 


0.0 


0.0 




ZnO 


0^ 




0.0 


0.0 


0.0 


0.0 




RO 


Oil 


2.0 


2.0 


0.0 


O.D 


5.0 


19 


U20 


10.0 


9.0 


a.o 


10.0 


9.0 


10.0 




N«20 


10.0 


9.0 


9.0 


10.0 


9.D 


S.0 


IC20 


OJD 


2.0 


2.0 


0.0 


2.0 


2.0 




R*20 


20.0 


20J) 


20.0 


20.0 


20.0 


17.0 




Ti02 


OjO 




0.0 


0.0 


0.0 


0.0 




Zr02 


OJD 


2.0 


0.0 


0.0 


0.0 


0.0 




SIO2«€2034'A)2O3 


fi0.0 


76J> 


78.0 


90.0 


80.0 


78.0 




B203/AI203 


1.0 


1.0 


1 J3 


1.0 


1-0 


n 9 




R0^R'20 


20.0 


22J0 


22.0 


20.0 


20.0 


22.0 




SiO24e203^A12O3+R(HR'20 


I00.O 


98J0 


100.0 


100.0 


100.0 


100.0 




SiO2^Q2O3Ml20 3'»-R'20 


100.O 


96J> 


98.0 


100.0 


100.0 


95.0 




Si0242O3+AI203^RO 
+R'20*TI02+Zr02 


I00.O 


100.0 


100.0 


100.0 


100.0 


100.0 






ID0.O 


lOOia 


100.0 


100.0 


1GQ.0 


100.0 








471 


480 


479 


493 




535 


540 




533 


537 


568 




85 


06 


89 


84 




on 




2.427 


2.450 


2.448 


2.431 


2.431 


2.421 


^>{/m BlGPal 


81.00 


83.00 


80.96 


81.57 


79.91 


60.67 




W&^G [GPa] 


33.06 




33.00 


33^7 


32.71 


33X)9 




49U&^%li [fiF] 


6952 


6952 


6952 


6952 


6952 


6952 






3.7 


4.0 


4.1 


3^ 


3.8 


4.1 


ft 

N2 


tf^A— ;^«jar Hv [QPa] 


5.6 




5.7 


5.5 


5.5 


5.7 






1.66 




1.44 


1^1 


1.52 








40 




100 


100 


100 


100 
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74 


75 


76 


77 




Si02 


65.0 


65.0 


65.0 


65.0 




B203 


S.0 


7.5 


7.5 


7.5 




A1203 


5.0 


7.5 


7.5 


7.5 




McO 


0.0 


0.0 


0.0 


0.0 




CaO 


0.0 


0.0 


0.0 


0.0 




ZnO 


0.0 


OM 


0.0 


0.0 




RO 


0.0 


0.0 


0.0 


0.0 




Li20 


10 J] 


6.0 


10.0 


10.0 




Na20 


10-0 


10 0 


5 0 




m 


K20 


5.0 


5.0 


5.0 


2.5 




R'20 


25,0 


20.0 


20.0 


20.0 




Ti02 


0.0 


0.0 


0.0 


0.0 




Zr02 


0.0 


0.0 


0.0 


0.0 




»02-fB203-i'AI203 


75X) 


80.0 


80.0 


80.0 




B203/AI203 


1.0 


1.0 


1-0 


1.0 




R0^R'20 


25^ 


20 0 


£V-V 


f>n ft 




5iO2+B2O3«A12O3H7CKHr20 


100.0 


100.0 


100.0 


100X 




Si02^B2O3^AI203^R'20 


100.0 


100.0 


100.0 


100X 




SiO24B203+Al203i'RO 
+R*2O+Ti02+Zr02 


100.0 


100.0 


100.0 


10O.0 






tf nn n 

1 DU.D 


1 QO.O 


100.0 


100.0 




451 


482 


476 


472 




610 


541 


538 


529 




107 


95 


B6 


84 




2.453 


2.452 


2.420 


2.429 


'^'^^T^ E[GPb] 


77.93 


77.81 


78.83 


80.62 




31.79 


31.87 


32.27 


33.01 






6952 


6952 


6952 


6952 






4.0 


4.3 


4.1 


3.9 




If v:«j— ;^BIff Hv CGPa] 


5.4 


5.4 


5.7 


5.6 


N2 




1.42 


1.31 


1.42 


1.51 






100 


100 1 


100 


60 
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78 


79 


80 


81 




SI02 


65.0 


66J) 


66.0 


65.0 




B203 


7.5 


7.S 


7.5 


10.0 




AI203 


7.5 


7.5 


7-5 


0.0 




MffO 


0.0 


O.D 


0.0 


5.0 




GaO 


0.0 


0.0 


0.0 


0.0 




ZnO 


0.0 


0.0 


0.0 


0.0 




RO 


0.0 


0.0 


0.0 


5.0 


m 


U20 


10X) 


10 J) 


9.0 


5.0 




N«20 


10A 


10 J) 


9.0 


10 0 




K20 


0.0 


0.0 


IJO 


5.0 




R'20 


20.0 


20.0 


20.0 


20.0 




TI02 


0.0 


0.0 




n n 




Zr 02 


0.0 


0.0 


0.0 


0.0 




$i02+6203'»^At203 


BOJO 


80.0 


80.0 


75.0 




B203/Ai203 


1.0 


1.0 


1X1 












4A n 


25.0 




Si02+B2O3+AI2O3H«>Hr20 


100.0 


100.0 


^ 00 JO 


100.0 




SI024-B203^AI203+R'20 


100.0 


100.0 


100.0 


95.0 




Si02'^B203+AI203't-RO 
+R'20+Ti02+Zr02 


100.0 


100.0 


100.0 


100.0 






100.0 


100.0 


100.0 


100.0 




483 


478 


477 


484 




544 


533 


533 


641 


axio-'C/t^] 


83 


83 


85 


98 




2.440 


2.431 


2.434 


2.477 


•V>^^* E[GPal 


8207 


82.00 


80.81 


80.64 


G [GPa] 


33.68 


33.65 


33.15 


33.02 






1000 


1000 


1000 


1000 






3.9 


3.8 


3.9 


4.2 


N2 


tl^ij—^mm, Hv [GP»3 


5.6 


5.6 


5.7 


5.7 




1.52 


1.53 


1.48 


1.39 






80 


100 


100 


100 



[0087] About the glass indicated by the example 1 of a comparison - 3 JP, 10-1 58028 A the physical properties 
were shown in Table 15. 
[0088] 
[Table 15] 
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S 15 





it«k«i 1 




ittt« 3 




Si02 




69.94 


68.94 




B20d 






— . 




AI203 


2.5 


2.5t 


4.24 




MeO 


6.97 


6.96 


5.77 




CaO 


7.97 


8 


8.28 




SrO 




0.24 


1.81 




LiZO 


~ 


~ 


~~ 




Na20 


1.96 


4.93 


1.46 




K20 


9.56 


6.75 


9.25 




Ti02 


— 


— 


— 




Zr02 


1.78 


0.86 


0.26 




^ If 


100.0 


100.0 


100.0 




657 


623 


668 




780 


710 


732 




86.8 


85.8 


82.8 


ffift [g/cmT 


2.52 


2.49 


2.51 


E[GPa] 


80.5 


8Q.3 


81.5 




100O 


1000 


1000 




7.2 


7.2 


7.T 


ety*-XHa[ Hv [GPa] 


6.1 


6.1 


6.2 


«««9tt Kc OtfPa/m*''] 


0.9Q 


0.91 


1.05 



[0089] The glass obtained in the example 82 examples 1-81 is used, and it is (1) rough wrapping process (rough 
grinding process), (2) By performing a configuration processing process, (3) energy wrapping process (energy 
grinding operation). (4) end-face mirror plane processing process, the (5) 1st polish processes, the (6) 2nd 
polish processes, (7) inspection processes, and (8) magnetic-disk production process one by one, the glass 
substrate for information record media was produced, and the magnetic disk was manufactured further. In 
addition, pure water was used for the water of the polish liquid used for the polish equipment from the above- 
mentioned (4) end-face mirror plane processing process to the (6) 2nd polish processes. 
[0090] (1) Rough wrapping ** obtained diameter 96mmphi and a disc-like glass substrate with a thickness of 
1.5mm from melting glass with the direct press using a punch, female mold, and a mold more nearly first. In 
addition, in this case, in addition to a direct press, it may start with a grinding stone from the sheet glass 
formed with the down draw method or the float glass process, and a disc-like glass substrate may be obtained. 
[0091] Subsequently, the wrapping process was performed in order to raise dimensional accuracy and 
configuration precision to a glass substrate. This wrapping process was performed using the abrasive grain of 
grain-size #400 using double-sided wrapping equipment. Both sides of the glass substrate contained in the 
carrier were wrapped at the profile irregularity of 0-1 micrometer, and about 6 micrometers (Rmax) of surface 
roughness by using the alumina abrasive grain of grain-size #400 first, specifically setting a load as about 980N. 
and rotating an internal gear with Sun Geer. 

[0092] (2) While vacating the hole for the central part of a glass substrate using the grinding stone of the shape 
of a configuration processing process, next a cylinder, after carrying out grinding of a periphery end face and 
setting a diameter to 95mmphi, predetermined beveling processing was performed to the periphery end face and 
the inner circumference end face. The surface roughness of the glass substrate end face in this case was about 
4 micrometers in Rmax. 

[0093] (3) By changing an energy wrapping process, next the grain size of an abrasive grain into #1000, and 
wrapping a glass substrate front face, it was set as about 2 micrometers by Rmax. and surface roughness was 
set to about 0.2 micrometers by Ra. Sequential immersion of the glass substrate which finished the above- 
mentioned wrapping process was carried out at each washing tub (ultrasonic impression) of neutral detergent 
and water, and ultrasonic cleaning was performed. 

[0094] (4) More nearly subsequently, rotating a glass substrate, by brushing, it ground to 1 micrometer by Rmax, 
and end-face mirror plane ****** ground the granularity of the front face of the end face (inner circumference, 
periphery) of a glass substrate to about 0.3 micrometers by Ra. And backwashing by water of the front face of 
the glass substrate which finished the above-mentioned end-face mirror plane processing was carried out. 
[0095] (5) In order to remove the blemish and distortion which remained at the 1st polish process, next the 
wrapping process mentioned above, the 1st polish process was performed using double-sided polish equipment. 
In double-sided polish equipment, the glass substrate held with the carrier is stuck between the vertical surface 
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plates with which the scouring pad was stuck, this carrier is meshed to Sun Geer and an internal gear, and the 
above-mentioned glass substrate is compressed with a vertical surface plate. Then, by supplying polish liquid 
between a scouring pad and the polished surface of a glass substrate, and making it rotate, while a glass 
substrate rotates on a surface plate, it revolves around the sun, and polish processing of both sides is carried 
out at coincidence. Hereafter, the same equipment was used as double-sided polish equipment used in the 
example. 

[0096] Specifically, the polish process was carried out, using a hard polisher (hard urethane foam) as a polisher. 
Polish conditions were used as cerium oxide (mean particle diameter of 1.3 micrometers) + pure water as polish 
liquid, and were made into load:9.8mN/mm2, and polish time amount:15 minutes. To neutral detergent, pure 
water, pure water, isopropyl alcohol (IPA). and each washing tub of IRA (steam seasoning), sequential immersion 
was carried out, and the glass substrate which finished the above-mentioned 1st polish process was cleaned 
ultrasonically, and was dried to them. 

[0097] (6) the 2nd polish process — using the double-sided polish equipment same type as what was used at 
the 1st polish process next, the polisher was changed into the elasticity polisher (suede putt), and the 2nd 
polish process was carried out. This 2nd polish process aims at reducing surface roughness Ra to about 1.0-0.3 
micrometers or less, for example, maintaining the flat front face obtained at the 1st polish process mentioned 
above. Polish conditions were used as cerium oxide (mean particle diameter of 0.8 micrometers) + pure water 
as polish liquid, and made load:9.8mN/mm2 and polish time amount 5 minutes. To neutral detergent, pure water, 
pure water, and each washing tub of IPA and IPA (steam seasoning), sequential immersion was carried out. and 
the glass substrate which finished the above-mentioned 2nd polish process was cleaned ultrasonically, and was 
dried to them. Although the glass substrate of this example did not have a chemical-strengthening layer, a glass 
substrate did not destroy it at the time of handling of the inside of said polish process, a process, and a 
process. 

[0098] (7) The close examination using the visual inspection on an inspection process, next the front face of a 
glass substrate which finished the above-mentioned desiccation, and reflection, dispersion and transparency of 
light was carried out. Consequently, defects, such as a blemish, were not discovered on a glass substrate front 
face. Moreover, when the surface roughness on the front face of main of a glass substrate pass the above- 
mentioned process was measured with the atomic force microscope (AFM), the glass substrate for magnetic 
disks with Rmax=2.13nm. Ra=0.20nm, and an overly smooth front face was obtained. 

[0099] (8) The inline-type sputtering system was used for both the main front face of the glass substrate for 
magnetic disks pass the magnetic-disk production process above-mentioned process, sequential membrane 
formation of a NiAl seed layer, a CrV substrate layer, a CoPtCrB magnetic layer, and the hydrogenation carbon 
protective layer was carried out, the perfluoro polyether lubricating layer was further formed with the dip 
method, and the magnetic disk was obtained. About the obtained magnetic disk, when the touch-down height 
test was carried out, the touch-down height showed 5nm and a good value. Moreover, even if it performed the 
load unload trial (100,000 times), a head did not crash. 

[0100] The magnetic disk was manufactured like the example 82 except having performed the following 
chemical-strengthening process between the (6) aforementioned 2nd polish processes in example 83 example 
82. and the inspection process of the above (7). The chemical-strengthening process prepared the chemical- 
strengthening liquid containing the mixture of a potassium nitrate and a sodium nitrate, heated this chemical- 
strengthening solution at 380 degrees C. was immersed in the glass substrate [ finishing / above-mentioned 
washing and desiccation ] for about 4 hours, performed chemical-strengthening processing, to a sulfuric acid, 
neutral detergent, pure water, pure water, and each washing tub of IPA and IPA (steam seasoning), it carried 
out sequential immersion, cleaned ultrasonically the glass substrate which finished the chemical strengthening, 
and dried it to them. 

[0101] When the 0.4mm flake was cut down and it measured about the obtained glass substrate using the 
polarization microscope, it was checked that the chemical-strengthening layer is formed. A glass substrate did 
not destroy the glass substrate of this example at the time of handling of the inside of said polish process, a 
process, and a process. About the obtained magnetic disk, when the touch-down height test was carried out. 
the touch-down height showed 5nm and a good value. Moreover, even if it performed the load unload trial 
(100,000 times), a head did not crash. 



[Translation done.] 
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Al2 03<i:RO<i:R\0<i:T iO^ttZ r O2 iKD-^tf^ 
0SU<t^9 5^;i/%J&l±, ctD0SL<tS9 
8^:;i/%i^±T^&^o ^ibtC, B2 O3 tA I2 O3C0^;i/ 
Jt (B2O3/A I2O3) «0. 5-1. 5co«6Hj^W* 
L<, J:O0SL<ttO. 8 — 1. 2CDteHTafe^o 

[0 0 2 9] J&l_bcD^i^cr)ia-S5^^t5-li-i:UTti. ^aj;^^^ 
^;i/%T\ S i O2 4 0 — 7 5%, B2O3 1 — 2 5 
%, AI2O3 1-20% (fe/fb, Si02(^:B203 
^:Al 2 03(i:0^tf^#a*^*6 5%SrS^^o ) . Mg 

0 0—15%, ZnO 0—10%. CaO 0—1 
0%. SrO 0—10%. BaO 0—10% (fzfz 

MgOchC aOchZ nOchS r OchB aOCD^th^ 
W»dt2 0%*SlT$>'5o ) . L i2 0 0-2 0%. 
Na20 0 — 2 0%. K2O 0—15% (;^;^*L. L 

1 2 Oi:N 32 0<hK2 0chc^^ft-^#»7$>^*2 8 %^mx 
$>^o ) . T i O2 0—10 %*>J:LKZ r O2 0 — 1 
0 %*$^. ^^^±m^^(D^m^^*f)^9 5 %JEt±T- 

[0 0 3 0] s \ Or\:i:»^x(Dmsmm^mf^'r^^ 

7 5^;i'%^Sx.^ci:. < /^cC D . 

4 0-7 5^;i/%C0teffl7:?W*b<, #{C5 0-7 0^ 

;i/%oiBH*W*bVio 

[0 0 3 1] B^O,\t,if^m(DmSf^)^^X$>^o S i 
?^>^*2 5^;^%^@x.T#<;^cj:^<t. :tf'^X<7)BXtt50^*^ 

1-25 ^:;i/%;OW* b < . 2 — 20 

[0 0 3 2] A 1 2 O3 t^:^^X(cWl^tt-^WX14B:t>*^S 
aStt^W^-r^^^i^chbT^. S i O2 <h<hfeJc:^^X 
«ieo^^ft&D^^^<7)|iiy'l4S^®56^fi£ii^<i:bTfe#1^ 
{caST&^o b;0^b. ^<^^*^;^n^:;i/%*?ST^i 

AttcoJ;ii;y^x^f^O ^c< v^b. 2 0^;i^%^exT 

^*^t^l-2 O^:;i/%<7)ffiffl:?0W*b<. J:O0*b 
<ti2 — 1 5^;i/%(DffiHTa&-5o 
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[0 0 3 3] MgO. CaO. ZnO, S r ORD^'B a 

J§«?14<h<B:Bttt<7DM**#«l.TMgO> CaO, Zn 
O. S r ORO^B aOc^^WSti. MgO:!&^0'^ 1 5^: 
ff*L<«0-'l 2^;U%. ZnO^^O-lO^ 

Sf*L<JiO'-8^;i/%, c a 071^^*0 1 o^;i/ 
%, ifF*u<j^o-'8^;i/%. s r 0*^0- 1 o^;i/ lo 

%, ltfiL<tt0'-8^;|/%. B aOT&tO-- 1 0^:;i/ 
[0 0 3 4] L ijO, Na,0, K, O^J:^^X(7)j§«¥ 

ijO. NazO, K^OCD^**^. L i 2 0?i^* 0 - 2 0 
0SL<^iO— 1 8^:;l/%. Naj 07^^0 — 2 

0^:;U%. $?^L<^i0-' 1 5^;!^%. KzO/O^^O-l 

nb(?)^fh^*«^»^L<ti2 8^;i/%*}^. cfcOif 

^b<J12 5^:;i/%J!y.TfCfflI;^^o 
[0 0 3 5] S i O2 i:B2 O3 (hA 1 2 O3 ch<Z)'&ff^W 
»^L<^i7 0-9 0^:>ll/%. ci:0ffSL.<tl8 
0 — 9 0^;i/%CDffiHT*0, ROchR'z O^CO'&tl'^ 
*Sti. ff^L<tl5-3 5^;U%, J:D»*b<til 30 

o-3 0^;i/%. ^b(::ff*b<tii 0 — 2 5^;u%, 
m\zn^ u<ti 10-22 ^;L'%t^^o 

[0 0 3 6] ZrOi. T \0,\t^^7.(Di\L^mmiK^ 
<^s:^o bfcd^oT. Z r O2 iiT i O^co^^STi^^^^n 

-^^no- 1 o^;i/%. ^fSL<^so-7^;i/%*3J:r/o 
-io^;u%, $fSL<tio-8^;i/%{cftJJK$n'&o 40 
±fa^ii^(Z>^th^W«^i9 5^;i/%j|y.JiT*^o 

[0 0 3 7] Z.(Dli^7.\Z\^. ±M}^^^k9\-\z. ii^T. 
C SbzOa. F, CK S03^'a'tfT2^Jl/%J!^T 
^tt^^f^i^it^fc*. Y2O3. L 0,/^^<7)?&± 

[0 0 3 8] S i O2 5 5-75 

B,0, 0 — 20%, Al, 03.1 — 20% {tztz 50 
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S i O2 <i: Bj O3 <h A 1 2 O3 t(D^Wc^^&f)^ 6 5 
%J^±) , MgO 0—1 5%. ZnO 0 — 1 0%. 
CaO 0—10%, SrOO — 10%, BaO 0 — 
10% {tzfzl.. MgO<hCaOtZnO<hSrOc!:B 
aOCO'&tt^Wa (RO<^^*») 75^*2 0%j|^T) . L 
ijO 0-20%, Na20 0-2 0%, O 0 
--6% {tztzV. L i^OtNa^OchK, 0<i:0^tf^ 
(R'jO-^W*) ;0^*2 8%KT) , T i O2 0- 
1 0%*5J:I/Z r02 0 — 1 0%^^^. t^^lMlSi 

[0 0 3 9] *!^HJc7)tt^fH^jS#:ffl:^^X*«IVtd:, 
^;i/%TS i O2 4 0-7 5%, B^O^^^U/^tz 
^iAljO, 2-4 5%4Sj:tJCR^ o (R' friL i > N 
a^J;iXSK<D^ti^ibm\tn^'>t^<^'him) 0 — 4 0 
%S^^. 7!)^^S i O2 iB2 O3 (hA 1 2 O3 ^R*2 0<h 
(D^W^^^mt^^^ 0%JiU±Tab^:tf^X/0^e>;ij:^feOT 

[0 0 4 0] :i(Di5^7sUlS.\Z^^^X. S\0,(D^^ 
»^i5 0-7 0^;i/%;i/W^b<, B2 03 O^*'a^i, 

L<tS 0-2 5^;i.%, J:0»*b<fril-2 5^ 
;i/%, ^i?»Jr|ffSL<^12 — 2 0^;U%T*t), AI2 

L<til-2 0^:;!'%, $i{Clff^L<ti2-l 5^;i/ 
%-eS>'5o S i O2 B2 O3 A 1 2 O3 hCD'^Wc^^m 
ti, ifSb<ti6 5 — 9 0^;U%, ck0»^b<t;i7 0 
-9 0t;i/%, $^fc0Sb<.t5 7 0-8 5^;i/%T^ 

R\0^*»^^, ff^U<^iO-2 8^;i/% {fztz 
L, R070^'0^:;i/%<D«'&tiO^|^<) , J:Dif^L< 
\1^2b^)V%^-r. ^e>{C»$L<t^ 1 0-2 5^;i/% 
Tfe^o L ijOc^'&WM^i. Jf^b<^i2 0^:;i/%£i 
T> <t 0»S L<^il 8^:;l^%j^T, ^^JC0Sb<ti 
5- 1 5^;i/%T^a, Na,OC0^W»^i, »SL< 

ti2 o^;i'%i^iT, cfcD»^U<tii 5^;i/%£iT. ^ 

^L<m — 1 0^:;U%TS>0, K^OCD^^m 
ti, 0SL<m 5^;^%J^T. J:OJfSL<til 0^ 
;u%iXT, $^f::ff*L<tiO-8^;i/%Tfc^o ^e. 

{C, ROCD^^rfifr^, «FSL<til 5^;i/%-&lT, ctO 
if ^L<m 2^;i/%J^^TT$)^o ^^c, MgOCO^^ 

Sfi, ifSL<tii 5^;i/%i^T, ctDifSb<^ii 2 
^:;i/%J^TTfeO, CaOCO^WSH, $fSb<^ilO 
^;i/%J!y.T, J:0SfSU<^J8^;i/%i^TT$>'5o Zn 
Oc7)^:#»tt, ifSL<tS 1 0^;1/%1^T, 
<ti8^;U%Jl^TTfeO, SrOco^WMti, ffSL< 
«10^JI/%£iT. J:0iffSL<ti8^;i/%J!^TTS 

BaOO^^a^l, ifSL<tSl 0^;U%J^T, J: 
Dif^L<ti5^;i/%Jl^TTS>^o RO<hLTtl, mz 
MgO;^W^UVio 

[0 0 4 1] R0<hR*2 0a:O'&tf^WfiJl, iffSb< 
ti5 — 3 5^:;i/%, <t 0^fSL<«l 0-3 0^:;i/%, 




( 7 ) 



$6.tC»i U<«1 0~2 5^:;i/%, mz.B^V<^tl 
0~2 2^rJU%T*-5, T i O, 0—1 0^: 

tr^itjJ^T^, ifSLtiZ r Oj#^r««o~7^;i/% 
Tab -5. 

[0 0 4 21 :i<D:^77.mmm. *(t>{c*3it«Bi$m 

1 2 /im-'"J^AT. if^L<«10. SAtm'^' 

5 "CIJ^TOflffl^lCiSltSli^? itSflt €r 7 M m " ' iJt 

T. 0S t<tt6 Mm-'"jy.T, J;Oi(f^ L<«5 Mm 

[0 0 4 3] 2|s:^e80««iHfiMSMiiffl:^/^xafi I ~IV 

fC:teV^T«. ¥>i/*^7 OGP atA±, Jf*b<«7 
5GPa£^±. J:Oif *U<«8 5GP ajy.Jii:f -Sd 

[0 0 4 4] »^CD;??^XS1S^^tJ^|giH^«#:*i« 
iilHlteS itfc^ (C ^ X»«75^**tg^ J; T^fg 20 

m^it'Vy^mA^? O.GP aU±. 
C3:</5X*^e.;^c^, iaS3. S-O^, J?$0. 635 
mmW:^?5X^S<^fl|i.^Tf1^SJL/tJ^M^^'Xi7$ 1 o 

0 0 0 r pmTiHite$-&fc[S(c. mmmm.^ -< 7. i7 t.m 

[0 0 4 5] ^fe, 7K4'{Cfctt^Bi$mi^fflO{St,i;y5 
xa«lC*5l/iT, Se)Jci'>ii'^j&t7 OOP aii(.±Td5 

[0 0 4 61 7K4'*3cfct^/*;ttt$£J*flfflM4' 

tc*3tt^jt$ms{«w{gt.>;y^xaistc*5i.iT. $ 

i'>y^;0^7 0 GP ajj<.±Ta&-5c:itcj;o. ;^f5xa 

[0 0 4 7] *%g3<D;y^XS1S I ~IV(C*3ViT 40 

tt. HiJ1t*Sr2 OGPatt±. ffSb<«2 SGPafii 
±. J:0»*L<«3 OGP a£i±i:-rSvli:*tT# 
^, 

[0 0 4 8] iEp^O;*?7XS«^#tJ«^IB^i««:*iS 

Sine $ -arfcisfc ^ ^ xa^Tjt*^^ izj^-Dxmm 

■r^<nt:m±-r^±t)^ib\t. :*f5xais<^iiJtt**iS5st> 

-5 C L Att*iiJtt*70^ 2 0 G P a JM±W;tf 

^X*^?>fj:^. itgS. 5'r>5^> ^P^O. 6 3 5mm 
(D;tf7XS«&fflt'^Tf^S8bfcJKm5^-<Xi7$ 1 0 0 0 

0 r pmT-iEite$-frfcS5ic. xi^iimmn so 
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[0 0 4 9] ^fz. 7K.ipizi=if?>i^-^mmm(D{&\,^:^7 

XS«tC43ViT. $e>{CiiJ14^*^2 OGPaJK±T'a&^ 
;i<i:JcJ;(9. ;«f7X*«^W«?^(C)lofctt^TWg'J. 

if0-r-5isofijn^, w^^^^5t?ti«TJt»nfett«i®:^; 

[0 0 5 0] $6{c. 7K**3J:0:/^fcttiej^S:HMf 
tc:fctt;5afe^J&«{it©<Si.i;«f^X*«lc*3ViT> 
H!H±^*i2 OOP a£i±Ta&sc:itcj;t), :^/7X»« 

[0 0 5 1] *5ll«®;^f7X*«I ~IV(C*5Vi 

X 1 0' N • m/k gjy.Jii:-r^:i<i:>0^T^-5. CCOit 
^^mt)^2 7 X 1 0' N • m/k gei±-e«. It^iEgl 

i«#:C)iiS3SlHlteB$CD;/b:*5i5».^& 2 /imJlilTIC-r-S d ir^^'T 
^, ^©SSmibX. 7^-r>i^/N'f h^l umt-^TT 

t^'PU^^ i ic i 0 . ^ xa«iT 

0 X 1 O'N • m/k gJJ^±-C=ab-5C:i:36^*=fcO0S U 
I'i. ■ 

[0 0 5 2] *>t. *%|g©;y5Xa«I ~IV{C*5ViT 
tt, ««<&2. 6 5 g/cm'lil.T. »^t<tt2. 5 
0 g/cm'Jil.TiT«.Cltt>T-^-5.. 2|s:^BJ 
0:^/5X»« I ~IV{C*iViTtt. mS^ttfitSrO. 7 5 
MP a/m'^'jy.±, ff*L<ttO. 80MPa/m"' 
i?A±> <tO»*L<«0. 8 3MP a/m'"W_hTrc5 
-5, ite*?^^^ Tii 0 . 7 5 M P a/m' ' ' &.±T'$>^ii 

[0 0 5 3] *%IB<^t»IBia®i«^ffl)95Xa«I~lV 
IPa • s£i±-C»sm«Sr#T-5;^f9X*^e.?S:-SfeO 

[0 0 5 4] mmmmmi$-mii^:^&w.^n^fzsf)iz 

Z.(7)rzii>, *%0J®:y7Xa« I ~IV{C43V^T«« 
i^:tf5X<7)^ffiMS* 1 3 5 0*Cii^T.tr^::i<t75W* 
L<. 1 2 5 0*Cl^iTT$)Sv:t7&«d;0ffSL<, 11 

[0 0 5 5] ^Sfi;tf7XSfiKJ^S'\tti^-r-5i^ 
otta^nPa • STfeiST-ab-St. ^gS;tf^x©g^M® 
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[0 0 5 6] :*:%ga©:^f5Xa« I ~IV{C*3ViTtt. 1^ 
m:t}y7.(DUl^M.=S:4 7 0~6 4 CCtT-SiliT&^T^ 

S^<i^i-5, fi^SLH4E^;iS»i4 7 0~6 2 OICWlgHtr 
[0 0 5 7] *%McDt»^|H®i«#:ffl;tf^^»«I ~IV 

tc:*5ViT«. mmm^^m^, i o o~3 o orwiaatc 

43ViT. 6 0 X 1 0 '/'CJJi±Ta5^:^f^Xj&^e75:-5fe 
©Titif^LVio jeSMx^Xi^, ^^^x^. ^m^y"^ 

^fm. iimm<r>i^y> zf<Dmm^mik iiAmv<mu^ 

[0 0 5 8] -r^^E^-^, ■ftlSfH®i«#:&[H]feS-ti--5^{C 

^ufco, mm9immmzm^^m^7()^±c. ^(^m^k 30 

-/&«^D-^f <7a:-5. COJ:'555:Pe«. i^tc, 3. 5 
[0 0 5 9] bfc*^*oT> *%SJ«);*?^XSS I ~IV« 

;^^xaiS I ~IV(7) 1 0 0~3 0 O'Ctr*5tt-5ISH0^^ 
l&tt, 6 0 X 1 0-'/'ClilJhTab-2>0>O^Jf^b<, J;0 40 
*f*b<«7 0 X 1 Q-'/ICJJii. $e.fC»^U<tt7 
0X1 0-'/t:~ 1 2 0 X 1 0-'/"C, !^iC$f*L<« 

8 0x1 o-'/'c~ 100X1 o-'/'cr^-s, 

[0 0 6 0] 2t>:%?«©t»«fB@i«{^ffl;^^xa«I MV 
[0 0 6.1] {t^?i{t«aatt, 'f^>3^l!ftfelCj;^Tff 50 
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tf?^fl[feiS<;/5:SOT, f#^>n;t{t#^{t;^/ 7 X tiffin 
[0 0 6 2] *l«eBWfS^IE©««i:ffl;«f^X»«WS!!it 

7XM)|Sf^^^>t>*^5pS'tt;tfX5?H^-^^«L., A'^^g 
>^'^m.Wrs.ii\z^r3-Ziiy7.(n>m&.\\L^^\^. «»o 

2^r^E<Dmmmz^:hifs\}yy'ifmr.^noz.h'r:. « 

B»aS:^J;^«0. 1~0. 6 nm®|@ffl{cT-5)r 

[0 0 6 3] :¥mmmm.mm.mmmmt. sfriziiw*^ 

[0 0 6 4] d^T. ?K^IS®«<i:UTtt, ^^iJA^Co 
-Cr^. Co-Cr-Pt?R, Co-Ni-Cr?^, 
Co-Ni-Pt5S. Co-N i -C r-P t^&0:C 
o-C r-Ta^S^SifSrfflli-SClijO^-^^-S, T*«i: 
LT«> ^J;ttiN i N i -PB. C rM^ii^m^^ 

[0 0 6 5] 

[0 0 6 6] fj:id. ^WT'm^nrz:^5'X<Dmmt. KJL 

(1) ^r>ifm 

2 0 X 2 0 X 1 0 OmmCD^lN-Srf^Sb, 5 MHz (75® 

^m^t>im(omm'p^iRmT^f^.(Dmi&.mm (vo t 
^iSMS (vs) ii^y>'^T'^'y>\'^^&m^m& 
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-\'>y^= (4G'-3G • VI' • p) / (G-Vl' • 
P) 

G = Vs' • p 

P : M*4®«« (g/cm') 
[0 0 6 7] ( 2 ) ill-tt^ 
±ia (1) 0-\r>i^^iil^B#fcGtbTMiJ14^Sr*a6^ 

(3) j^ffiSS 

(4) (Tg) , JSflgjS (Td) 
5mm<f>X 2 OmmWHilS^tC-PUT, U i'itSScDf^tSt 
«^}-#fSB (TMA8 14 0) &fflliT+4'C/^J-(D# 

[0 0 6 8) (5) l^ftiag!!^^ 

1 0 0-3 0 ov.\zi6n^^mmm^%WLt:M^\y. is 

5Xtei^.ii«j|iJ^R#{C— i^iCjl^Lit, 20 
(6) aSSJiSfit 

(t*) M5SJf^Bf©SS[/hffifttt (MVK-E) SrfflVs 

T. 2mmWC0lStt(cSpXUfci«ifJKCjRfLT^l~^l 

[0 0 6 9] ^¥bji^5».^ta«. ::^Dyte«j5=-^-36«6 o 

<, 7 0£^Jii:fc£-5J;pfcCtt*^*J:0if*L<, 8 Oii(.± 
(1) ~ (3) *fflViT,. tf«v:*-X®SHv, ffiE 
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[0 0 7 0] ;^c*. *t>lc*5tt^ffil$J&*^#[B. h'>y;^; 

nm\zmn<Diiim^^tv. a oij>^{c^©*fiSw±7&> 

[0 0 7 1 J ^fc, sncBtTof^H^tciJtt^) 

tfi - 5 "cjuTTfe s z. ii ^mm. \^ts.i)^ib. u.n\z t* v 
[0 0 7 2] mmm i ~ 8 i 

f£IS*4<i:LTS i O:, A 1 , O, . A 1 (OH) Bj 
O,. HBO,. MgO. Mg (OH) MgCO,, C 
aCO, . SrCO, . BaCO, , ZnO. Li,C 
O,, Na,CO,. K:C03. T i Oi . mJ'Z r O^ti. 
i:S'fflViT3 0 0-1 5 0 0 g^*b, +ii-fCji'&bT 
l)9'&A*-y9^i:fi£L. Cin*e^±H-JjatCAn, 1 4 0 0~ 

1 6 0 ox:(Dm.&-c^%.^m^'-smT^i3^x(DmM^ 

ffofco ?§SS^. :y^XH!6?^*4 0 X 4 0 X 2 Omm;^ 
-5 B i: « iSS^^^ff m L i^C>6^ o feo :i © J; 5 L Tf# e n 

r. 

[0 0 7 3] 
[«1] 
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m 1 












t 


2 


3 


4 


5 


6 




Si02 


0.0 


10.0 


20JI 


30.0 


40.0 


45.0 




B203 


60.0 


50.0 


40.0 


30.0 


20.0 


10.0 




A1203 


12^ 


12.0 


12.0 


12.0 


12.0 


15.0 




MgO 


8.0 


8.0 


8.0 


8.0 


8.0 


10.0 




CaO 


16.0 


20.0 


20.0 


15.0 


10.0 


10.0 




ZnO 
















RO 


23.0 


28.0 


28.0 


23.0 


18.0 


20.0 




U20 












5.0 




Na20 








Q.O 


5.0 


5.0 


K20 




0.0 


0.0 


5.0 


5.0 


0.0 




R'20 


5.0 


0.0 


0.0 


5.0 


10.0 


10.0 


TI02 
















Zr02 
















SfO2+B2O3+A1203 


72.0 


72.0 


72.0 


72.0 


72.0 


70.0 




B203/AI2O3 


5.0 


4.2 


3.3 


2.5 


1.7 


0.7 




nw~n Aw 


28.0 


28.0 


28.0 


28.0 


28.0 


30.0 




SiO2fB203MI2O3HK>+R'20 


100.0 


100.0 


100.0 


100.0 


100.0 


too.o 




Si02-i-B203+AI2034-R'20 


77.0 


72.0 


72.0 


77.0 


82.0 


80.0 




SIO2-i-B203^AI203i-RO 
+R*2C>+Ti02+Zr02 


100.0 


1OO.0 


100.0 


100.0 


100.0 


100.0 






100.0 


100.0 


100.0 


100.0 


100.0 


1000 




652 


612 


622 


590 


565 


554 




596 


660 


664 


643 


620 


609 




67 


56 


59 


66 


79 


67 


ffiS Ee/cml 


2.373 


2.490 


2.522 


2.472 


2.478 


2.547 


A'Xf* E[GPa3 


65.28 


80 


81.4 


75.52 


72.71 


87.97 




Mt^^ G [GPa] 


25.56 




— 


30.21 


29.30 


35.19 






toco 


1000 


1000 


1000 


1000 


1000 




Bi^affiB [^m"n 


11.0 


9.4 


10.6 


7.7 


8.2 


9.8 




Ifv*— Hv [GPa] 


4.6 


5.3 


5.8 


5.3 


5.2 


6.1 




ttaiaitt Kc [MPa/m*'«] 


0.46 


0.61 


0.56 


0.73 


0.66 


0.64 






100 


100 


100 


100 


100 


100 






1000 


1000 


1000 


1000 


1000 


1000 




Bft*»i^ttB[//m-'^*] 


6.0 


5.0 


6.1 


6.0 


5.6 


5.9 




fc* V*— i^Wai Hv CQPa] 








6.5 


5.1 


6 1 


N2 


®aC91£Kc EMPa/m"n 








0.93 


0.98 


1.06 












100 
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